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FUNCTIONAL INDEX 

i^0^ Data Communication Products 



Part 
Number 


Name 


Description 


Max 
Baud Rate 


Power 
Supplies 


Package 


Page 


COM 1553A 


MIL-STD- 
1553A UART 


MIL-STD-1553 (Manchester) Interface 
Controller 


1 MB 


+5 


40 DIP 


27-42 


COM 1671 


ASTRO 


Asynchronous/Synchronous 
Transmitter/Receiver, Pull Duplex, 5-8 
data hit, IX or 32X clock 


1 MB 


+5, -5, +12 


40 DIP 


43-58 


COM 1863 


UART 


Universal Asynchronous Receiver/ 
Transmitter, Full Duplex, 5-8 data bit, 
1, lVs, 2 stop bit, enhanced distortion 
margin 


62.5 KB 


+5 


40 DIP 


59-66 


COM 2017 


UART 


Universal Asynchronous Receiver 
Transmitter, Pull Duplex, 5-8 data bit, 
1, lVfe, 2 stop bit 


25 KB 


+5, -12 


40 DIP 


67-74 


COM 201 7H 


UART 


Universal Asynchronous Receiver/ 
Transmitter, Full Duplex, 5-8 data bit, 
1, lVa, 2 stop bit 


40 KB 


+5, -12 


40 DIP 


67-74 


COM 2449 


RS449-USART 


RS 449 Compatible Universal 
Synchronous/Asynchronous 
Receiver/Transmitter 


1 MB 


+5 


40 DIP 


75-90 


COM 2502 


UART 


Universal Asynchronous Receiver/ 
Transmitter, Full Duplex, 5-8 data bit, 
1,2 stop bit 


25 KB 


+5, -12 


40 DIP 


67-74 


COM 2502H 


UART 


Universal Asynchronous Receiver/ 
Transmitter, Full Duplex, 5-8 data bit, 
1,2 stop bit 


40 KB 


+5, -12 


40 DIP 


67-74 


COM 2601 


USRT 


Universal Synchronous Receiver/ 
Transmitter, STR, BSC, Bi-sync 
compatible 


250 KB 


+5, -12 


40 DIP 


91-98 


COM 2651 


USART/PCI 


Universal Synchronous/Asynchronous 
Receiver/Transmitter, Full Duplex, 5-8 
data bits; 1, 1 Vfe, 2 stop bit, IX, 16X, 
64X clock 


1 MB 


+5 


28 DIP 


99-110 


COM 2661 


USART/EPCI 


Universal Synchronous/Asynchronous 
Receiver/Transmitter, Full Duplex, 5-8 
data bits; 1, lVz, 2 stop bit, IX, 16X, 
64X clock 


1 MB 


+5 


28 DIP 


111-122 


COM 5025 


Multi-Protocol 
USYNRT 


SDLC, HDLC, ADCCP, Bi-sync, DDCMP 
compatible, automatic bit stuffing/ 
stripping, frame detection/generation, 
CRC generation/checking, sync detection 


1.5 MB 


+5, +12 


40 DIP 


123-134 


COM 8004 


32 Bit CRC 
Generator/ 
Checker 


Companion device to COM 5025 
for 32 bit CRC 


2.0 MB 


+5 


20 DIP 


135-140 


COM 8017 


UART 


Universal Asynchronous Receiver/ 
Transmitter, Pull Duplex, 5-8 data bit, 
1, lVa, 2 stop bit 


40 KB 


+5 


40 DIP 


141-148 


COM 8018 


UART 


Universal Asynchronous Receiver/ 
Transmitter, Full Duplex, 5-8 data bit, 
1, 1 Vfe, 2 stop bit, enhanced distortion 
margin 


62.5KB 


+5 


40 DIP 


59-66 


COM 8251A 


USART 


Universal Synchronous/Asynchronous 
Receiver/Transmitter, Full Duplex, 5-8 
data bit, 1, 1 Vfe, 2 stop bit 


64 KB (sync) 
9.6 KB (async) 


+5 


28 DIP 


149-164 


COM 8502 


UART 


Universal Asynchronous Receiver/ 
Transmitter, Full Duplex, 5-8 data bit, 
1,2 stop bit 


40 KB 


+5 


40 DIP 


141-148 




Baud Rate Generator 



All Baud Rate Generators are programmable 
dividers capable of providing 16 output frequen- 
cies* for UARTs or USARTs from either an on-chip 
crystal oscillator or an external frequency input. 
"T" versions utilize an external frequency input 
only. Dual Baud Rate Generators provide two out- 

*except as noted 



put frequencies simultaneously for full duplex 

communications. 

Baud Rate Generators providing all standard baud 

rates from various popular crystal frequencies are 

available. In addition the baud rate generator may 

be custom mask programmed for other divisors. 



Fart Number 


Description 


Features 


Fower 
Supplies 


Package 


Page 


COM 5016 


Dual Baud Rate Generator 


On-chip oscillator or external 
frequency input 


+5, +12 


18 DIP 


167-168 


C0M5016T<3) 


Dual Baud Rate Generator 


External frequency input 


+5, +12 


18 DIP 


167-168 


COM 5026 


Single Baud Rate Generator 


On-chip oscillator or external 
frequency input 


+5, +12 


14 DIP 


169-170 


C0M5026T (3) 


Single Baud Rate Generator 


External frequency input 


+5, +12 


14 DIP 


169-170 


COM 5036 


Dual Baud Rate Generator 


COM 5016 with additional 
output of input frequency -f- 4 


+5, +12 


18 DIP 


171-172 


COM 5036T ( 3 ) 


Dual Baud Rate Generator 


COM 501 6T with additional 
output of input frequency -f- 4 


+5, +12 


18 DIP 


171-172 


COM 5046 


Single Baud Rate Generator 


COM 5026 with additional 
output of input frequency -h 4 


+5, +12 


14 DIP 


173-174 


COM 5046T ( 3 ) 


Single Baud Rate Generator 


COM 5026T with additional 
output of input frequency -r- 4 


+5, +12 


14 DIP 


173-174 


COM 8046 


Single Baud Rate Generator 


32 baud rates; IX, 16X, 32X 
clock outputs; single +5 volt 
supply 


+5 


16 DIP 


179-180 


COM 8046T < 3 > 


Single Baud Rate Generator 


COM 8046 with external 
frequency input only 


+5 


16 DIP 


179-180 


COM 8116 


Dual Baud Rate Generator 


Single +5 volt version of 
COM 5016 


+5 


18 DIP 


181-182 


C0M8116T<3) 


Dual Baud Rate Generator 


Single +5 volt version of 
COM 5016T 


+5 


18 DIP 


181-182 


COM 8126 


Single Baud Rate Generator 


Single +5 volt version of 
COM 5026 


+5 


14 DIP 


183-184 


COM 8126T (3) 


Single Baud Rate Generator 


Single +5 volt version of 
COM 5026T 


+5 


14 DIP 


183-184 


COM 8136 


Dual Baud Rate Generator 


Single +5 volt version of 
COM 5036 


+5 


18 DIP. 


185-186 


COM 8136T <3) 


Dual Baud Rate Generator 


Single +5 volt version of 
COM 5036T 


+5 


18 DIP 


185-186 


COM 8146 


Single Baud Rate Generator 


Single +5 volt version of 
COM 5046 


+5 


14 DIP 


187-188 


COM8146TC3) 


Single Baud Rate Generator 


Single +5 volt version of 
COM 5046T 


+5 


14 DIP 


187-188 



^jg0^ Keyboard Encoder 



Fart Number 


No. of Keys 


Modes 


Features 


Standard Fonts 
Suffix Description 


Fower 
Supplies 


Package 


Page 


KR-2376 XX (3) 


88 


3 


2 Key Rollover 


-ST ASCII 


+5, -12 


40 DIP 


371-374 


KR-3600 XX< 3 > 


90 


4 


2 Key or 

N Key Rollover 


-ST ASCII 
-STD ASCII 
-PRO Binary Sequential 


+5, -12 


40 DIP 


375-382 



( 3 )May be custom mask programmed 



i%0^ Printer 

CHARACTER GENERATOR 



Part Number 


Description 


Scan 


Max Access Time 


Power Supplies 


Package 


Page 


CG4103( 3) 


5 x 7 x 64 


Column 


1.2 /isec 


+5, -12 or ±12 


28 DIP 


357-360 



SHIFT REGISTER 



Part number 


Description 


Feature 


Max 
Clock Free.. 


Power 
Supply 


Package 


Page 


SR 5015-XX( 3 > 


Quad Static Shift Register 
Mask Programmable Length 


Load, Recirculate, 
Shift Controls, 


1 MHz 


+5 


16 DIP 


361-364 


SR 5015-80 


Quad 80 Bit Static 


SR 5015-81 


Quad 81 Bit Static 


SR 5015-133 


Quad 133 Bit Static 


SR 5017 


Quad 81 Bit 


Shift Left/Shift 
Right, Recirculate 
Controls, Asynch- 
ronous clear 


1 MHz 


+5 


16 DIP 


365-368 


SR 5018 


Quad 133 Bit 



Microprocessor Peripheral 

ROM 




Part Number 


Description 


Access Time 


Power Supply 


Package 


Page 


ROM 4732( 3 ) 


32K ROM; 32,768 bits 
organized 4096x8 


450 nsec 


+5 


24 DIP 


347-350 


ROM 36000 C DCS) 


64K ROM; 65,536 bits 
organized 8192x8 


250 nsec 


+5 


24 DIP 


351-364 




FLOPPY DISK 



Part 
Number 


Description 


Sector/ 
Format 


Density 


Data 
Bus 


Side Select 
Output 


Power 
Supplies 


Package 


Page 


FDC1761 


Floppy Disk Controller/ 
Formatter (mini-floppy only) 


Soft 


Double 


Inverted 


No 


+ 5,-1-12 


40 DIP 


295-310 


FDC1763 


Floppy Disk Controller/ 
Formatter (mini-floppy only) 


Soft 


Double 


True 


No 


+ 5, +12 


40 DIP 


295-310 


FDC1765 


Floppy Disk Controller/ 
Formatter (mini-floppy only) 


Soft 


Double 


Inverted 


Yes 


+ 5, +12 


40 DIP 


295-310 


FDC1767 


Floppy Disk Controller/ 
Formatter (mini-floppy only) 


Soft 


Double 


True 


Yes 


+ 5, +12 


40 DIP 


295-310 


FDC1791 


Floppy Disk Controller/ 
Formatter 


Soft 


Double 


Inverted 


No 


+ 5, +12 


40 DIP 


311-326 


FDC1792 


Floppy Disk Controller/ 
Formatter 


Soft 


Single 


Inverted 


No 


+ 5, +12 


40 DIP 


311-326 


FDC1793 


Floppy Disk Controller/ 
Formatter 


Soft 


Double 


True 


No 


+ 5, +12 


40 DIP 


311-326 


FDC1794 


Floppy Disk Controller/ 
Formatter 


Soft 


Single 


True 


No 


+ 5, +12 


40 DIP 


311-326 


FDC1795 


Floppy Disk Controller/ 
Formatter 


Soft 


Double 


Inverted 


Yes 


+ 5, +12 


40 DIP 


311-326 


FDC1797 


Floppy Disk Controller/ 
Formatter 


Soft 


Double 


True 


Yes 


+ 5, + 12 


40 DIP 


311-326 


FDC3400 


Floppy Disk Data Handler 


Hard 


N/A 


True 


NA 


+ 5, -12 


40 DIP 


331-338 


FDC9216/B 


Floppy Disk Data Separator 


Soft /Hard 


Double 


NA 


NA 


+ 5 


8 DIP 


327-330 




CASSETTE/CARTRIDGE 



Part Number 


Description 


Max 

Data Kate 


Features 


Power 
Supply 


Package 


Page 


CCC 3500 


Cassette/Cartridge Data Handler 


250K bps 


Sync byte detection, 
Read While Write 


+5, -12 


40 DIP 


339-346 



(DFor future release ( 3 >May be custom mask programmed 







^g^* CRT Display 

TIMING CONTROLLERS 








H 


Part Number 


Description 


Features 


Display 
Format 


Max 
Clock 


Power 
Supplies 


Package 


Page 


CRT 5027 


provides all of the 
timing and control 
for interlaced and 
non-interlaced CRT 
display 




programmable 


4 MHz 


+5, +12 


40 DIP 


197-204 




CRT 5037 


balanced beam interlace 


programmable 


4 MHz 


+5. + 12 


40 DIP 


197-204 




CRT 5047 < 3 ) 


fixed format 


80 column 
24 row 


4 MHz 


+ 5. + 12 


40 DIP 


205-206 




CRT 5057 


line-lock 


programmable 


4 MHz 


+5. + 12 


40 DIP 


197-204 




CRT 9007 


CRT video processor 
and controller 


sequential or row- 
table driven memory 


programmable 


4 MHz 


+5 


40 DIP 


207-226 




CRT96364A/B 


complete CRT 
processor 


on-chip cursor and 
write control 


64 column 
16 row 


1.6 MHz 


+ 5 


28 DIP 


227-234 





VDAC™ DISPLAY CONTROLLERS 



Part Number 


Description 


Display 


Attributes 


Max 

Clock 


Power 
Supply 


Package 


Page 


CRT8002H' 1 ' 2 ' 3 ' 


Provides complete 
display and attri- 
butes control for 
alphanumeric and 
graphics display. 
Consists of 7 x 11 x 128 
character generator, 
video shift register, 
latches, graphics and 
attributes circuits. 


7x 11 dot matrix, 
wide graphics, 
thin graphics, 
on-chip cursor 


reverse video 

blank 

blink 

underline 

strike-thru 


25 MHz 


+ 5 


28 DIP 


247-254 
235-244 

235-244 
235-244 


CRT8002A<"> 


20 MHz 


CRT8002B' 8 ' 3 ' 


15 MHz 


CRT8002C (a ' 3> 


10 MHz 



CHARACTER GENERATORS 



Part Number 


Description 


Max 
Frequency 


Power Supply 


Package 


Page 


CRT 7004A < 3 ' 4 > 


7 x 11 x 128 character generator, 
latches, video shift register 


20 MHz 


+ 5 


24 DIP 


255-260 


CRT 7004B (3.4) 


15 MHz 


CRT 7004C ( 3 ' 4 ) 


10 MHz 



ROW BUFFER 



Part Number 


Description 


Max 

Row Length 


Power Supply 


Package 


Page 


CRT 9006-83 


8 bit wide serial cascadable single row buffer 
memory for CRT or printer 


83 characters 


+ 5 ' 


24 DIP 


261-266 


CRT 9006-135 


135 characters 


CRT 9212 


8 bit wide serial cascadable double row buffer 
memory for CRT or printer 


135 characters 


+ 5 


28 DIP 


267-272 



VIDEO ATTRIBUTES CONTROLLERS 



Part Number 


Description 


Display 


Attributes 


Max 
Clock 


Power 
Supply 


Package 


Page 


CRT 8021 


Provides attributes 
and graphics control 
for CRT video 
displays 


Alphanumeric, wide 
graphics, thin graphics, 
on-chip cursor 


Reverse video, 
blank, blink, 
underline, 
strike-thru 


20 MHz 


+ 5 


28 DIP 


273-280 


CRT 902 IB 


Provides attributes 
and graphics control 
for CRT video 
displays 


Alphanumeric, wide 
graphics, thin graphics, 
on-chip cursor, double 
height, double width 


Reverse video, 
blank, blink, 
underline, 
intensity 


28.5 MHz 


+ 5 


28 DIP 


281-292 



(i) For future release 

(2) Also available as CRT 8002A,B,C — 001 Katakana 

CRT 8002A,B,C — 003 5X7 dot matrix 



O) May be custom mask programmed 
(4) Also available as CRT 7004A3.C - 003 5X7 
dot matrix 



SMC CROSS 



Description 


SMC 
Part# 


AMI 


Fairchild 


General 
Instrument 


Harris 


Intel 


Intersil 


UART(1 1 / 2 SB)** 


COM 2017 


S1883 


— 


AY 5-1013A 


— 


— 


— 


UART(1,2SB)" 


COM 2502 


— 


— 


AY 5-1013 


— 


— 


— 


UART(n-Channel)** 


COM 8017 


S6850* 


— 


AY 3-1015 


HM6402 


— 


IM6402 


UART(n-Channel)** 


COM 8502 


— 


— 


AY 3-1015 


HM6403* 


8251* 


IM6403* 


UART(n-Channel)* 


COM 1863 


S1602 


— 


— 


— 


— 


— 


USRT 


COM 2601 


S2350* 


— 


— 


— 


— 


— 


ASTRO 


COM 1671 


— 


— 


— 


— 


— 


— 


PCI 


COM 2651 


— 


— 


— 


— 


— 


— 


EPCI 


COM 2661 


— 


— 


— 


— 


— 


— 


USART 


COM 8251 A 


— 


— 


— 


— 


8251 A 


— 


Multi-Protocol, 
USYNRT 


COM 5025 


— 


F3846* 
F6856* 


— 


— 


— 


— 


Dual Baud Rate Gen. 


COM 5016/36 
COM 8116/36 


— 


— 


— 


— 


— 


— 


Single Baud Rate Gen. 


COM 5026/46 
COM 8126/46 


— 


F4702* 


— 


HD4702* 
HD6405* 


— 


— 


88 Key KB Encoder 


KR 2376 


— 


— 


AY 5-2376 


— 


— 


— 


90 Key KB Encoder 


KR 3600 


— 


— 


AY 5-3600 


— 


— 


— 


CRT Controller 


CRT 5037 


— 


— 


— 


— 


8275* 


— 


Character Generator 


CRT 7004 


S8564* 


— 


— 


— 


— 


— 


Character Generator 


CRT 8002 


— 


— 


— 


— 


— 


— 


Character Generator 


CG4100 


S8499 


— 


RO 5-2240S* 


— 


— 


— . 


Shift Register 


SR 5015 


S21 82/3/5 


— 


— 


— 


— 


— 


ROM 


ROM 4732 


S68332 


— 


RO 3-9332 


— 


2332* 


— . 


ROM 


ROM 36000 


S4264* 


— 


RO 3-9364 


— 


— 


— 



* Functional Equivalent 
**Most UART's are interchangeable; consult the factory for detailed information on interchangeability. 



REFERENCE GUIDE 



Commodore 

(MOS 
echnology) 


Mostek 


Motorola 


National 


NEC 


Signetics 


Solid 

State 

Scientific 


Synertec 


Texas 
Instruments 


Western 
Digital 


— 


— 


— 


MM5303* 


,uPD369* 


— 


— 


— 


TMS6011 


TR1602 


— 


— 


— 


— 


— 


2536 


— 


— 


— 


TR1402 


— 


— 


MC6850* 


— 


— 


— 


SCR1854 


— 


— 


— 


— 


— 


— 


— 


— 


— 


— 


— 


— 


TR1983* 


— 


— 


— 


— 


— 


— 


— 


— 


— 


TR1863 


— 


— 


— 


— 


— 


— 


— 


— 


— 


— 


— 


— 


— 


INS1671 


— 


— 


— 


— 


— 


UC1671 


— 


— 


— 


INS2651 


— 


2651 


— 


— 


— 


— 


— 


— 


— 


— 


— 


2661 


— 


SY2661 


— 


— 


— 


— 


— 


INS8251 


/UPD8251A 


— 


— 


— 


— 


— 


— 


— 


— 


— 


//PD379* 


2652 


SND5025 


— 


— 


SD1933* 


— 


— 


— 


— 


— 


— 


— 


— 


— 


BR1941L 


— 


— 


MC14411* 


MM5307* 


— 


— 


— 


— 


— 


— 


— 


— 


— 


— 


— 


— 


— 


— 


— 


— 


MCS1009* 


— 


— 


MM5740* 


/;PD364* 


— 


— 


— 


TMS5001 


— 


— 


MK3807 


MC6845* 


DP8350* 


— 


— 


SND5027 
SND5037 


6545* 


TMS9927 


— 


— 


— 


MCM66700* 
MC6570* 


DM8678* 


— 


2609* 


— 


— 


— 


— 


— 


— 


— 


— 


— 


— 


SND8002 


— 


— 


— 


MCS1004* 
MCS2027* 


MK2002 


MC1132* 


M5240* 


— 


— 


— 


— 


TMS4103 


— 


— 


MK1007* 


— 


5054* 


— 


2532* 


— 


— 


TMS3113* 
TMS3114* 


— 


2332 


— 


MCM8332 


— 


/vPD2332 


2632 


— 


SY2332 


TMS4732 


— 


2364* 


MK36000 


MCM68A364* 


MM52864* 


A<PD2364* 


2664* 


— 


SY2364* 


TMS4764* 


— 



For Floppy Disk Controllers-See Next Page 



FLOPPY DISK CONTROLLERS 



Description 


SMC 
Part# 


Fairchild 


Fujitsu 


Mostek 


Synertec 


Western 
Digital 


Floppy Disk Controller 


FDC 1791-02 


— 


MB8876 


— 


SY1791-02 


FD 1791-02 


Floppy Disk Controller 


FDC 1792-02 


— 


— 


— 


— 


FD 1792-02 


Floppy Disk Controller 


FDC 1793-02 


— 


M8877 


— 


SY1 793-02 


FD 1793-02 


Floppy Disk Controller 


FDC 1794-02 


— 


— 


— 


— 


FD 1794-02 


Floppy Disk Controller 


FDC 1795-02 


— 


— 


— 


— 


FD 1795-02 


Floppy Disk Controller 


FDC 1797-02 


— 


— 


— 


— 


FD 1797-02 


Floppy Disk Controller 


FDC 1761-02 


— 


— 


— 


— 


FD 1761-02 


Floppy Disk Controller 


FDC 1763-02 


— 


— 


— 


— 


FD 1763-02 


Floppy Disk Controller 


FDC 1765-02 


— 


— 


— 


— 


FD 1765-02 


Floppy Disk Controller 


FDC 1767-02 


— 


— 


— 


— 


FD 1767-02 


Floppy Disk Data Separator 


FDC 921 6 


— 


— 


— 


— 


FD1691* 


Microcomputer 


MPU 3870 


F3870-2 


— 


MK3870/20 


— 


— 



'Functional Equivalent 



10 



Innovation in microelectronic technology is the key to 
growth at Standard Microsystems. 

Since its inception, Standard Microsystems has been a leader in creating new tech- 
nology for metal oxide semiconductor large scale integrated (MOS/LSI) circuits. 

For example, while the first MOS/LSI processes were p-channel, it was recognized 
very early that an n-channel process would greatly improve switching speeds and 
circuit density. However, the fundamental problem of parasitic currents needed to 
be solved. The research and development staff at Standard Microsystems recognized 
this problem and directed its energy toward the development of its now-famous 
COPLAMOS® technology. COPLAMOS® defines a self-aligned, field-doped, locally 
oxidized structure which produces high-speed, high-density n-channel IC's. 

In addition, on-chip generation of substrate bias, also pioneered by Standard 
Microsystems, when added to the COPLAMOS® technology, results in the ability to 
design dense, high-speed, low-power n-channel MOS integrated circuits through the 
use of one external power supply voltage. 

Again recognizing a need and utilizing its staff of qualified process experts, Stan- 
dard Microsystems developed the CLASP® process. The need was for fast turna- 
round, easily programmable semi-custom LSI technology. The development was 
CLASP®, a process that utilizes ion implantation to define either an active or passive 
device which allows for the presence of a logical 1 or in the matrix of a memory or 
logic array. This step is accomplished after all wafer manufacturing steps are 
performed including metalization and final passiviation layer formation. Thus, the 
wafer can be tested and stored until customer needs dictate the application, a huge 
saving in turnaround time and inventory costs. 

These innovations in both process and circuit technology have received wide- 
spread industry recognition: In fact, many of the world's most prominent semicon- 
ductor companies have been granted patent and patent/technology licenses covering 
various aspects of these technologies. The companies include Texas Instruments, 
IBM, General Motors, ITT, Western Electric, Mostek, Hitachi and Fujitsu. 

Over the past few years, scientists and engineers at Standard Microsystems have 
been developing a technology to significantly reduce the sheet resistivity of 
polycrystalline silicon and thereby dramatically decrease internal time constants in 
MOS devices. Their work has culminated in the successful completion of a program 
to replace polycrystalline silicon in n-channel MOS devices with an alternate mate- 
rial, titanium disilicide. This has enabled Standard Microsystems to become the first 
semiconductor manufacturer to market and sell MOSA^LSI circuits which employ a 
metal silicide to replace the conventional doped polycrystalline silicon layer. 
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Our engineering staff follows the principle that "necessity 
is the mother of invention." 

This philosophy led Standard Microsystems Corporation to COPLAMOS®, CLASP®, 
and Titanium Disilicide gate technology, as well as other innovative developments. It 
also brings companies to us to solve tough problems that other suppliers can't. 

But it's a philosophy that involves more than just developing the next generation of 
MOS/LSI devices. 

Such exploration, for example, helped Standard Microsystems recognize the need 
for communication controllers to handle the latest data communication protocols. 
As a result, Standard Microsystems was the first to introduce a one-chip LSI controller 
for HDLC protocols— the COM 5025. 

The COM 5025 is so versatile it can actually provide the receiver/transmitter func- 
tions for all the standard bit and byte oriented synchronous protocols, including 
SDLC, HDLC, ADCCP, bi-sync and DDCMP. 

In another area, CRT display systems have traditionally required a great deal of 
support circuitry for the complex timing, refresh and control functions. 

This need led the engineers at Standard Microsystems to develop the CRT 5027 
Video Timer and Controller (VTAC®) that provides all these functions on a single 
chip. This left the display, graphics and attributes control spread over another 20 or 
30 SSI, MSI and LSI devices. Standard Microsystems combined all these functions in 
the CRT 8002 Video Display Attributes Controller (VDAC™)- The COPLAMOS® pro 
ccess was used to achieve a 20 MHz video shift register, and CLASP® was used for 
fast turnaround of character font changes through its last stage programmability. 

So from 60 to 80 integrated circuits, Standard Microsystems reduced display and 
timing to 2 devices, drastically reducing the cost and size of today's CRT terminals. 

Another major achievement was the development of the "next generation" Video 
Processor And Controller (VPAC™), the CRT 9007. This chip replaces up to 80 SSI 
and MSI TTL devices as well as providing a hardware solution to many of the 
software problems of CRT Video Controller design. 

Achievements like these help keep Standard Microsystems custom and standard 
products in the forefront of technology with increased speeds and densities, and a 
lower cost per function. 
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Improvements in processing and manufacturing keep 
pace with advances in semiconductors. 

With the phenomenal growth of the electronics industry, innovation is, of course, 
highly desirable. But if the products are to perform as designed, they also have 
to be reliable. 

That's why at Standard Microsystems we take every means to insure the utmost 
quality and dependability. Consequently, "state-of-the-art" applies not only to our 
products, but to the way we manufacture them. 

In wafer fabrication, the latest equipment and techniques are employed. In addi- 
tion to conventional processing equipment, we use ion implantation technology 
extensively. We also use plasma reactors for much of our etching and stripping oper- 
ations to maintain tight tolerances on process parameters. 

To make plastic packaging immune to moisture, we use a process that deposits a 
protective (passivating) layer of silicon nitride on the device surface. 

Standard Microsystems processes include high and low voltage p-channel metal 
gate, n-channel silicon gate (COPLAMOS®), high-speed n-channel silicon gate with 
depletion mode devices, CLASP® and titanium disilicide gate. In general, these 
processes have been engineered so that they are also compatible with most 
industry standard processes. 

One obvious advantage our total capability gives customers, is that they can bring 
us their project at any stage in the development process. For instance, they may 
already have gone through system definition. Or they may have gone all the way to 
prototype masks, and only want production runs. 

It makes no difference to Standard Microsystems. We can enter the process at 
any level. 

Our full service capability lets us make full use of the technologies we develop. We 
can produce any quantity of semiconductors customers may require. And we can 
offer them one of the fastest turnaround times in the industry. 
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Standard Microsystems Custom Capability. 



Custom MOS. A Small 
Revolution with a Large Impact 

Remarkable advances in semiconductor tech- 
nology, combined with the availability of 
quality, low-cost electronics, continue to open 
new markets for products incorporating micro- 
electronic components. 

Today, metal-oxide semiconductor/large 
scale integrated (MOS/LSI) circuits are integral 
components in computers and computer 
peripherals, automobiles, televisions, electrical 
appliances, electronic toys and games, bank 
terminals, telephones and a host of other signif- 
icant applications. 

With further applications for large scale inte- 
grated and very large scale integrated (VLSI) 
circuits being discovered every day, one thing is 
certain. They will have a profound effect on 
our lifestyle. 



Custom Commitment 

Standard Microsystems is organized into two 
separate Product Lines; Custom Products and 
Standard Products. Custom Products has its 
own management, marketing, and engineering 
team that is fully dedicated to developing and 
producing custom products. 

Custom MOS/LSI is a major portion of our 
business. Fully one-third of all our revenue is a 
direct result of our custom MOS/LSI projects. 

Over the years, Standard Microsystems has 
developed custom circuits for a wide variety 
of applications: Computers and computer 
peripherals, telecommunications and data com- 
munications, garage door openers and burglar 
alarms, electronic toys and games, musical 
instruments and more. Both over-the-air and 
cable T.V. systems have made use of our cus- 
tom circuits. One company's line of word 
processing equipment makes almost exclusive 
use of our custom LSI. 

As a company committed to serve the custom 
marketplace, Standard Microsystems has 
developed the resources and established proce- 
dures for MOS/LSI circuit development that 
enables the company to respond rapidly to 
growing customer needs. 



System Design— The Alternatives 

The electronic system designer can select from 
several alternatives in the implementation of the 
system. The optimum selection for any system 
will depend upon the relative significance of the 
following factors — 

• Costs — developmental, production and 
maintenance; 

• Performance — speed, power dissipation; 

• Form factor — system size and weight; 

• Uniqueness — proprietary features; 

• Development time — product introduction; 

• Reliability— mean time between failures 
(MTBF). 

No single alternative is best for all cases — 
each represents a combination of advantages 
and disadvantages to be evaluated for the sys- 
tem under consideration. The major alternatives 
available are listed below. 

Standard Circuits 

The use of "off the shelf" small scale (SSI), 
medium scale (MSI), or large scale (LSI) inte- 
grated circuits is appropriate whenever develop- 
ment costs and time must be kept to a 
minimum, and system performance require- 
ments can be met by interconnecting numbers 
of such standard components. Standard Micro- 
systems is a recognized industry leader in 
standard LSI components for the data communi- 
cations and computer peripheral markets. 

Microprocessors 

These programmable LSI standard circuits can 
be the elements of choice for certain classes of 
systems where there is a good fit between the 
microprocessor capability and the system 
performance requirements. The system parts 
count is reduced at the expense of a longer 
(software) development time. 

Gate Arrays 

A gate array is a semi-custom circuit containing 
a pattern of elements which can be selectively 
interconnected to form the desired logic. The 
interconnections are typically accomplished by 
a customized metal pattern. 

For low to medium volume production, these 
"hardware programmable" circuits can reduce 
parts count and offer some degree of unique- 
ness, at modest development cost and time. 
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The Custom Option 

FOR HIGH VOLUME PRODUCTION, WHERE 
THE DEVELOPMENT INVESTMENT CAN BE 
MADE, THE CLEAR CHOICE IS THE FULLY- 
CRAFTED CUSTOM CIRCUIT. A custom circuit 
implementation will provide — 

Lowest Overall Cost 

The overall cost savings realized with custom 
LSI can be substantial, especially when high- 
volume production is encountered. 

Savings are effected in several ways. Because 
custom designed circuits contain only neces- 
sary components, the cost of unused circuitry 
on standard microprocessors or integrated cir- 
cuits is eliminated. Costs for troubleshooting, 
repair and warranty claims are reduced. In addi- 
tion, custom MOS can be more economical over 
SSI and MSI when purchase, inventory and 
assembly costs are considered. Also, when a 
system contains a large amount of SSI and MSI, 
its custom counterpart can significantly reduce 
power consumption. 

Lowest Parts Count 

There are many applications where a single- 
package custom LSI circuit can out-perform a 
microprocessor and its ROM and RAM circuits 
while reducing costs. A custom LSI unit can rap- 
idly execute repetitive functions using high 
speed logic. A microprocessor needs time-con- 
suming algorithms to do the same thing. 

Highest Reliability 

Higher reliability is achieved, especially when 
replacing circuits that contain significant 
amounts of SSI and MSI. Fewer parts and solder 
points reduce the failure rate and raise the relia- 
bility. This means low MTTR (mean time to 
repair), which translates into lower mainte- 
nance costs and higher customer satisfaction. 

Minimum Size, Weight, Power Dissipation 

The size and complexity of printed circuit 
boards are greatly reduced when using a cus- 
tom circuit. The custom circuit results in a most 
compact package, specifically designed to 
perform only the necessary tasks utilizing mini- 
mum power and space. 

Unique Proprietary Features 

Proprietary design is another major benefit. It 
protects your design from would-be copiers 
because it makes testing and support difficult. 
This, coupled with the complexity of custom 
semiconductor fabrication, makes duplicating 
your custom circuit far less probable. 



The Full Design Custom 
Program 

Typically in a custom program where Standard 
Microsystems performs all of the operations — 
from design through to finished product — the 
following sequence applies: 

Evaluation 

The customer's system characteristics are care- 
fully evaluated from the information provided 
to determine the feasibility of the custom 
approach, considering such factors as system 
partitioning, functional performance, opera- 
tional environment, operating speed, power 
requirements, process selection, packag- 
ing and testing. 

If the conclusion is positive, Standard Micro- 
systems will quickly provide a Quotation to the 
potential customer, which will include — 

• a firm development schedule 

• the non-recurring engineering charge (NRE) 

• a production price schedule 

System Definition 

Once the design is authorized, a thorough spec- 
ification review takes place between Standard 
Microsystems' engineers and the customer's 
engineers. In this critical phase, Standard 
Microsystems' years of successful design expe- 
rience are applied as an extension of the 
customer's design resource in a close working 
relationship. 

Circuit Design 

Required functions are converted to detailed 
MOS logic. The logic is verified via advanced 
logic simulation routines, utilizing our in-house 
computers (VAX, Eclipse, PDP-11), and/or 
breadboard emulators. Circuit simulation is 
done using SPICE, MOSAID, and Standard 
Microsystems written software. 

Artwork Generation 

At Standard Microsystems, device layout is a 
blend of custom "hand-crafting" and sophisti- 
cated CAD, using our Calma GDS I and GDS II 
color graphics systems, to achieve the optimum 
composite drawing in terms of size and sched- 
ule. Check plots are obtained on our Xynetics 
and Versatec plotters, and advanced design rule 
checks (DRC) and electrical rule checks (ERC) 
provide comprehensive artwork verification. 

Mask Fabrication 

Production tooling is obtained from qualified 
mask vendors to Standard Microsystems' exact- 
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ing, above-industry standards. Colored overlays 
of each mask layer are typically used as a final 
check point. 

Wafer Fabrication 

Standard Microsystems offers a variety of pro- 
cesses, including a mature p-channel metal 
gate process, and a range of n-channel silicon 
gate processes. We will determine the appropri- 
ate process to satisfy each customer's cost/ 
performance requirements. 

All wafer processing is done in our facilities, 
utilizing state-of-the-art equipment. Standard 



Microsystems has made substantial investments 
in direct-step-on-wafer equipment, and 
advanced ion-implantation, sputtering, deposi- 
tion and plasma etch equipment. 

Assembly 

Standard Microsystems can provide a wide vari- 
ety of industry-standard packages, including 
ceramic, plastic and CERDIP dual-in-line types, 
flat-packs and chip carriers. The latest in 
automated equipment, such as our automatic 
wire bonders, insure high quality and high 
volume throughput. 



SMC PROCESS CHARACTERISTICS 

TYPICAL MAX. 
MASK SUPPLY FREQ. 
PROCESS LEVELS VOLTAGES (MHz) FEATURES/COMMENTS 


3000 


5 


+ 5, -12 


1 to3 


p-channel metal gate. Enhancement 
mode, most mature process, low 
performance. 


5000 


5 


+ 5, +12 

- 3 (or pump) 


3 to 7 


n-channel si-gate. Enhancement 
mode, most mature n-channel 
process, moderate performance. 
Substrate bias required. 


6000 


6 


+ 5, +12, 
- 3 (or pump) 


3 to 7 


Same as 5000 process with buried 
contacts. 


7000 


7 


+ 5 


6 to 15 


n-channel si-gate. Enhancement/ 
depletion mode, buried contacts, 
moderate to high performance. No 
substrate bias required. 


8000 


6 


+ 5 


6 to 15 


Same as 7000 process without buried 
contacts. 


9000 


7 


+ 5 

+ 12 (optional) 

- 3 (or pump) 


9 to 25 


Very high performance n-channel si- 
gate. Enhancement/depletion mode. 
Substrate bias required. 



Customer Owned Tooling 

An area of continuing interest to Standard 
Microsystems is that of Customer Owned 
Tooling (COT) or Customer Supplied Tooling 
(CST). In contrast to a full custom design pro- 
gram where Standard Microsystems is responsi- 
ble for the MOS design, a COT/CST program 
is one in which the design function will be 
completed by the customer or an outside 
design house. 

Many customers find it desirable to develop 
an in-house LSI design capability, for their inter- 
nal circuit requirements. Standard Microsys- 
tems can provide valuable assistance in 
achieving this goal. 



The customer then provides Standard Micro- 
systems with either a completed composite 
drawing, a data base tape (in suitable format), 
or an actual processing mask set. Whatever the 
entry level, Standard Microsystems is prepared 
to carry the program through to completion. 

If the design is in the formative stages, the 
requirements will be studied and the most 
suitable set of design rules will be provided. 

If the design is already completed, Standard 
Microsystems will examine the design rules 
used and recommend which of our processes 
is most compatible. If small variations to 
our "standard" processing are required, they 
can usually be accommodated at little or 
no expense. 
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Standard Microsystems has developed com- 
prehensive test sites that are incorporated into 
our masks for the purpose of parametric and 
quality assurance measurements. Automated 
equipment collects and stores measurements 
from these test sites. If a customer purchases 
wafers from us, these measurements are pro- 
vided with the wafers. If a customer chooses to 
have masks fabricated himself, our test site can 
be provided for incorporation into the masks. 

Standard Microsystems is also prepared to 
work with customers in establishing a suitable 
test interface which will enable us to provide 
the wafer probe and final test operations. 
Of course, packaging and burn-in are 
also available. 

Whichever approach is taken, Standard 
Microsystems wants to partcipate in a 
partnership that makes best use of our respec- 
tive areas of expertise. We'll work together to 
bring the project to completion; on time and 
on budget. 

Customer Interface 

Standard Microsystems is a "full capability" 
company. We have the resources — an experi- 
enced staff and state-of-the-art equipment — to 
design, process, package and test our Custom 
MOS circuits. 

Our customers are becoming increasingly 
aware of the benefits of custom circuits in their 
product lines. They know their products and 
markets best. Some have developed the techni- 
cal expertise to perform or participate in the 
early design phases of a custom program. For 
this reason, Standard Microsystems offers a var- 
iety of customer interface possibilities to serve 
the broadest possible market. 

Communications: The Key to 
Custom Development 

On every Custom program, we establish com- 
munications with our customers that last 
throughout the development and production 
phases. 

Our engineers work in an environment that 
stimulates creativity while encouraging adher- 
ence to pragmatic objectives. The status of each 
program is closely monitored. Strict scheduling, 
thorough program management and frequent 
customer contact have become the hallmark of 
a Standard Microsystems Custom program. 
Numerous testimonials from satisfied cus- 
tomers give evidence of our ability to perform — 
to specification and on time. 
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STANDARD MICROSYSTEMS 
CORPORATTO^^^^= 



Quality Assurance 
and Quality Control 



Volume manufacturing of quality products requires a rig- 
orous commitment on behalf of STANDARD MICRO- 
SYSTEMS and all of its employees. Each phase of the 
operation from design to shipping must adhere strin- 
gently to documented procedures which have produced 
a product of proven reliability. 

The design of a reliable product is assured by adherence 
to tested and proven design rules. Any change in design 
rules must be evaluated using a design-rule test vehicle. 
Each new product is evaluated first by prototype wafer 
runs and thorough preliminary production and device 
characterization. 

Manufacturing flow is monitored by Quality Control to 
insure that parameters meet specifications on incoming 



material, within the line and at outgoing inspection. Clean 
room standards, calibration and work methods are also 
monitored. Quality Circles operate within the manufac- 
turing organization to reduce the cost of quality and 
improve the product. 

The Quality Assurance Department is the customer rep- 
resentative with the primary responsibility of evaluating 
product to current industry standards and related 
responsibilities of evaluating developmental processes, 
product and the standards themselves. 

The following is a more detailed description of the types 
of screening performed and how SMC is organized to 
produce quality products. 



1.0 Scope 

The measures taken by SMC to produce reliable inte- 
grated circuits and the assembly/screening options 
available to the customer are given in this section. 

2.0 Approach 

Factors relating to quality and reliability are discussed in 
the following order: package options, screening, pro- 
cess control, test and characterization, quality conform- 
ance/reliability testing, and failure analysis. 

3.0 Applicable Documentation 

SMC internal specifications define every phase of pro- 
duction and must be approved by the designated rep- 
resentatives of Engineering, Manufacturing, Processing, 
Quality Control and Quality Assurance departments. 

3.1 Design Rules (DR-XXXX) 

3.1 .1 Geometric design rules define layout consider- 
ations, alignment structures, critical-dimension targets, 
and input-protection networks. 

3.1.2 Electrical design rules define performance cri- 
teria, measurement methods, device parameters, and 
process parameters. 

3.2 Purchase Specifications (PS-XX) 

All critical material is purchased to SMC specifications 
from qualified vendors. 

3.3 Process Specifications (WX-XX, AX-XX) 

3.3.1 The procedures used for wafer processing and 
assembly of microcircuits are fully documented. 

3.4 Quality Control Procedures (QC-XX) 

QC procedures define the sampling techniques, accept/ 
reject criteria and test methods used in quality audits. 



3.5 Quality Assurance Procedures (QA-XX) 

QA procedures define methods for product/process 
qualification, reliability testing and failure analysis. 

4.0 Military Standards and Specifications 

M I L-C-45662 Calibration System 

Requirements 

MIL-M-38510 General Specification for Micro- 

circuits 

MIL-M-55565 Packaging of Microcircuits 

MIL-Q-9858 Quality System Requirement 

MIL-STD-1 05 Sampling Procedures and Tables 

for Inspection by Attributes 

MIL-STD-883 Test Methods and Procedures for 

Microelectronics 

MIL-STD-976 Certification Requirements for 

JAN Microcircuits 

MIL-STD-1 331 Microelectronics Terms and Defi- 

nitions 

5.0 Package Options, Features 

5.1 Ceramic (no suffix) 

50|x inches gold plating on external leads and die cavity, 
gold eutectic die attach. 

5.2 Tin-Plated Ceramic (Suffix "TC") 

Over 200|i, inches tin plating on external leads, gold on 
die cavity, gold eutectic die attach. 

5.3 Cerdip (Suffix "CD") 

Meets MIL-STD-883 internal moisture content require- 
ments of Method 5005. Substrate connections are made 
through jumper chips, gold eutectic die attach. 

5.4 Plastic (Suffix "P") 

The plastic used is a B-type epoxy or an approved 
advanced type having better resistance to a humid envi- 
ronment. Gold eutectic die attach and gold bond wires 
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are used. Lead material is MIL-M-3851 para 3.5.6 type 
B (42 Alloy) with a solder lead finish. 

6.0 Screening Options 

6.1 High-Reliability Screening 

The routing is as defined in MIL-STD-883 Method 5004 
for Class B product. Periodic Quality Conformance data 
(para. 10.2) is taken on generically similar parts. A sam- 
ple flow chart for ceramic product is given on page 6. 

6.1.1 Internal Visual 

Both Die and Preseal Visual inspections are to the cri- 
teria of Method 2010, Condition B of MIL-STD-883. An 
AQL audit is performed on each lot by Quality Control. 

6.1.2 Stabilization Bake 

All parts are placed in 150°C storage for 24 hours per 
Method 1008, Condition C of MIL-STD-883. 

6.1.3 Temperature Cycling 

All parts are subjected to 10 cycles of -65°Cto +150°C 
per Method 1010, Condition C of MIL-STD-883. 

6.1.4 Constant Acceleration 

All parts are subjected to a 30,000 g force in the Y1 ori- 
entation per Method 2001, Condition E. 

6.1.5 Seal 

Hermeticity testing is performed to conditions A and C 
of MIL-STD-883 Method 1014. 

6.1 .6 Pre burn-in Electrical Test 

Ordinarily this is the same as final electrical test. 

6.1.7 Burn-in 

Condition A and Condition D of MIL-STD-883, Method 
1015 are available. The stress is applied for 1 68 hours at 
125°C or at other temperatures according to the time- 
temperature regression. 

6.1 .8 Final Electrical Test 

Verifies functional and parametric performance to the 
device specifications. 

6.1 .9 Final Visual Inspection 

All parts are inspected to Method 2009 of MIL-STD-883. 

6.2 Standard Screening 

Standard Screening is designed for the industrial-com- 
mercial customer and is available in all package types. 
For hermetic packages, temperature cycling, centrifuge 
and hermeticity are specified as well as die, preseal, and 
final visual inspection. 

6.2.1 Standard Die and Preseal Visual Inspections 
(AC-04, AC-08) 

These inspections were developed from Method 201 of 
MIL-STD-883.The inspection criteria are specific to SMC's 
pMOS and nMOS COPLAMOS® technologies. 

6.2.2 Temperature Cycling (AC-15, AD-13) 

Temperature Cycling is performed to the MIL-STD-883, 
equivalent of Method 1010, Condition C, -65°C/+ 150°C, 
ten cycles. 

6.2.3 Constant Acceleration (centrifuge) (AC-16, AD-14) 

Constant Acceleration is performed to the MIL-STD-883, 
equivalent of Method 2001 , Condition E, 30,000 g in the 
Y1 orientation. 

6.2.4 Hermeticity (AC-11.AD-1 5) 

Includes fine and gross leak testing to SMC equivalent 
of MIL-STD-883 Method 1014 Conditions A and C. 



6.2.5 Final Electrical Test 

Verifies functional and parametric performance to the 
device specifications. 

6.3 Custom Screening 

Certain applications require special screening which can 
be arranged upon request. 

7.0 Electrical Test 

7.1 Probe and Final Test 

SMC test programs are developed by the Test Engi- 
neering Department and verified by device characteri- 
zation. An approval procedure is required for the transfer 
of a new test program or a revised test program from 
engineering to production. 

7.2 Characterization/correlation 

Characterization of parts and correlation of test results 
with customer incoming testing performed on SMC test 
equipment, including Megatest and Sentry™ test sys- 
tems. 

7.3 Product Engineering 

SMC product engineers characterize parts to improve 
processing target parameters arid test correlation with 
customers. 

8.0 Purchased Material 

All manufacturing materials are purchased from quali- 
fied vendors to SMC procurement specification. 

9.0 Quality Control 

The Quality Control Department reports at the same level 
as the manufacturing, test and process engineering 
departments. QC is responsible for incoming inspec- 
tion, in-process audits, out-going inspection, document 
control, processing returned material and certification of 
compliance to specification. 

9.1 Incoming Inspection 

Inspectors verify critical parameters on all material used 
in manufacturing. The department maintains an approved 
vendor list and interfaces directly with vendor QC 
departments. 

9.2 In-process Audits 

QC performs an on-going monitoring of wafer process- 
ing, test and assembly functions. 

9.3 Outgoing Inspection 

QC inspectors verify proper documentation and perform 
an external mechanical/visual inspection on each lot prior 
to shipment. 

9.4 Document Control 

All procedures for design, wafer processing, assembly, 
quality control and quality assurance are maintained by 
document control. 

9.5 Returned Material Processing 

Returned material, whether for device performance or 
clerical reasons, is processed through visual and elec- 
trical testing. 

9.6 Certificates of Compliance 

Certificates of Compliance are available for specified 
screening and/or for products ordered under a customer 
part number/specification. 

10.0 Quality Assurance 

The Quality Assurance Department is the customer's 
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representative and is independent of the product line and 
manufacturing organizations. Quality Assurance is 
responsible for reliability assessment of new and exist- 
ing processes, material analysis, failure analysis, and 
development of evaluation methods. 

10.1 Process Qualification 

All new processes and process revisions must equal or 
exceed the reliability of existing processes on applicable 
sections of the SMC Quality Conformance Test. 

10.2 Quality Conformance Test 

Samples of finished product are tested periodically to the 
criteria of QA-01 (see table 2). This test sequence pro- 
vides historical data which is also used for qualification 
of new products and processes. The various subgroups 
contain tests referenced in Method 5005 of MIL-STD-883 
as well as tests designed around industry requirements 
not yet incorporated in military standards. 

10.3 Analysis 

1 0.3.1 The analytical facilities include a scanning 
electron microscope (SEM), an infrared microscope, 
optical microscopes, an X-ray unit and electronic test 
instruments. 



10.3.2 Scanning electron microscopy is used in the 
periodic evaluation of workmanship in wafer processing 
and assembly, to support engineering efforts at process 
development and improvement, and in failure analysis. 

10.3.3 Failure Analysis is performed upon request by 
sales, marketing or manufacturing organizations and is 
also performed on reliability test failures. The failure 
analysis procedures support the development of new 
product, process improvements, and the evaluation of 
screening methods. 

10.3.4 Material analysis is performed on layers of the 
integrated circuit and on packaging to support the engi- 
neering development. This characterization is per- 
formed on in-house facilities. Independent outside 
analytical laboratories are used to supplement SMC 
facilities if and when required. 

11.0 LotTraceability 

SMC maintains full lot traceability on all product types in 
all packaging options (including plastic). The informa- 
tion available includes: 

11.1 Wafer Processing Records 

Sign-off and date on all operations, critical measure- 
ments and inspection records. 



TABLE 1 
WAFER LOT ACCEPTANCE 



TEST 


LIMIT 


SAMPLING PLAN 


wafer 
thickness 


minimum thickness 0.010 in. exceeds MIL-M-38510 
minimum of .006 in. 


LTPD = 10 (Incoming) 


metallization 
thickness 


17,500 A ± 2,500 A 


one wafer per metallization run 


stability 


A V FB =s 0.5 volts 


test piece each tube change, each 
week, and each wafer lot 


device 
parameters 


V th enhancement, depletion as applicable 

K' enhancement, depletion as applicable 

ps polysilicon 

psmesa(n + ) 

dielectric strength (BV 0X ) 

n + diode breakdown (BV n + ) 


each wafer 


SEM 


Mil-Std 883 Method 2018 


each week on each process 


Glassivation 


3,000 A minimum Silicon Nitride 
5,000 A minimum Silicon Dioxide 


one test piece per deposition run 



DATE CODE INTERPRETATION 



DEVICE TYPE 



Bl 

4 



82 . ,41, , M 



the last two digits of the number of year- 

the calendar week of the year ■ 

wafer lot identification suffix ■ 



PIN 1 
INDICATION- 



SMC 



TOP MARKING 



DATE CODE 
LJ l_l l_l 



-i— I I— I f— i 



ASSEMBLY LOCATION 
(IF OTHER THAN U.S.A.) 
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BOTTOM MARKING 



11.2 Wafer Lot Acceptance (Mapping) 
(see table 1) 

Device parameters are recorded using a precision par- 
ametric interface to a Digital Equipment Corporation PDP 
11/23 computer. The data base at wafer map includes 
probe, final test and wafer processing records (run 
sheets). 



11.3 Wafer Probe and Final Test Data 

These are correlated with mapping results to develop 
optimized process targets and yield improvement. 

1 1 .4 Assembly Records 

Inspection results and screening throughput is recorded 
with date and sign-off for each lot. 



TABLE 2— QA-01 QUALITY CONFORMANCE TEST 



GROUP B TESTS 



Test 


SMC Test 
Method 


Mil Std 

883 
Method 


Condition 


Quantity/ 

accept no. or 

LTPD 


Frequency 


Subgroup 1 
Physical dimensions 


QC-22 


2016 




2 devices 
(no failures) 


every package 
lot 


Subgroup 2 
Resistance to solvents 


QC-21 


2015 


Marking Permanence 


4 devices 
(no failures) 


every 
shipment 


Subgroup 3 
Solderability 




2003 


Soldering temperature of 
260 ±10°C 


15 


periodic 
conformance 


Subgroup 4 
Internal visual and 
mechanical 




2014 


Failure criteria from design 
and construction 
requirements of applicable 
procurement document 


1 device 
(no failures) 


periodic 
conformance 


Subgroup 5 
Bond strength 
(1 ) Thermocompression 
(2)Ultrasonic or wedge 
Die sheer strength 


QC-12 
QC-13 


2011 
2019 


(1 ) Test condition C or D 

(2) Test condition C or D 


15 


periodic 
conformance 


Subgroup 6 
Internal water-vapor 
content 




1018 


5,000 ppm maximum water 
content at 100°C 


3 devices 

(no failures) or 

5 devices 

(1 failure) 


periodic 
conformance 


Subgroup 7 
Seal 

(a) Fine 

(b) Gross 


AC-11 


1014 


As applicable 


5 


periodic 
conformance 


Subgroup 8 
Electrical parameters 
Electrostatic discharge 
sensitivity 
Electrical parameters 




3015 


Group A, subgroup 1 
Test condition A or B 

Group A, subgroup 1 


15 


new device 
types 



GROUP C TESTS— DIE RELATED 



Test 


SMC Test 
Method 


Mil Std 

883 
Method 


Condition 


Quantity/ 

accept no. or 

LTPD 


Package 
Type 


Subgroup 1 
Steady state life test 

End-point electrical 
parameters 


QA-02 
Final test 


1005 


Test condition to be 

specified (1 ,000 hours at 

125°C) 

As specified in the 

applicable device 

specification 


5 


all 


Subgroup 2 
Temperature cycling 
Constant acceleration 

Seal 

(a) Fine 

(b) Gross 

Visual examination 
End-point electrical 
parameters 


AC- 15 
AC- 16 

AC-09 

QC-22 
Final test 


1010 
2001 

1014 


Test condition C 
Test condition E min. 
Y, orientation only 
As applicable 

As specified in the 
applicable device 
specification 


15 


all 
hermetic 
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GROUP D— PACKAGE RELATED 



Test 


SMC Test 
Method 


Mil Std 

883 
Method 


Condition 


Quantity/ 

accept no. or 

LTPD 


Package 
Type 


Subgroup 1 
Physical dimensions 


QC-22 


2016 




15 


all 


Subgroup 2 
Lead integrity 

Seal 

(a) Fine 

(b) Gross 
Lid torque 


QC-19 
AC-11 


2004 
1014 

2024 


Test condition B2 (lead 

fatigue 

As applicable 

As applicable 


15 


all 

all 
hermetic 

cerdip only 


Subgroup 3 
Thermal shock 
Temperature cycling 

Moisture resistance 
Seal 

(a) Fine 

(b) Gross 

Visual examination 

End-point electrical 
parameters 


AC-15 

QA-03 
AC-11 


1011 
1010 

1004 
1014 


Test condition B, 15 cycles 
Test condition C, 100 
cycles 

As applicable 

Per visual criteria of 
Method 1004 and 1010 
As specified in the 
applicable device 
specification 


15 


all 
hermetic 


Subgroup 4 
Mechanical shock 
Vibration, variable 
frequency 
Constant acceleration 

Seal 

(a) Fine 

(b) Gross 

Visual examination 
End-point electrical 
parameters 


AC- 16 
AC-11 


2002 
2007 

2001 

1014 


Test condition B minimum 
Test condition A minimum 

Test condition E minimum, 
Y, orientation 
As applicable 

As specified in the 
applicable device 
specification 


15 


all 
hermetic 


Subgroup 5 
Salt atmosphere 
Seal 

(a) Fine 

(b) Gross 

Visual examination 


AC-11 


1009 
1014 


Test condition A minimum 
As applicable 

Per visual criteria of 
Method 1009 


15 


all 
hermetic 


Subgroup 6 
Internal water-vapor 
content 




1018 


5,000 ppm maximum water 
content at 100°C 


3 devices 
(no failures) 
or 5 devices 

(1 failure) 


all 
hermetic 


Subgroup 7 
Adhesion of lead finish 




2025 




15 


all 


Subgroup 8 
Humid Environment 

End-point electrical 
parameters 


QA-04 
Final test 




1000 hours 85°C/85% 
Relative Humidity 


15 


plastic 


Subgroup 9 
Autoclave (Pressure 
Cooker) 

End-point electrical 
parameters 


QA-05 
Final test 




24hoursat2atm121°C 


15 


plastic 
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CERAMIC 



WAFER LOT ACCEPTANCE 



WAFER PROBE 



AC-01 SAW 



AC-02 BREAK 

I 



AC-03 DIE PLATE 



AC-04 STD DIE VISUAL 

I 



QC-09 DICE INSPECTION AUDIT 



AC-05 DIE ATTACH 



— AC-13 DIE SHEAR AUDIT 



AC-06-AL WIRE BOND 



AC-07-AU WIRE BOND 



AC-14 BOND STRENGTH AUDIT 



AC-08 PRE-SEAL VISUAL INSP 



QC-09 PRE-SEAL AUDIT 



AC-09 SEAL 



AC-10 MARK 



AC-15 TEMP CYCLE -65/+ 150°C 10CY 



AC-16 CONST ACCEL Y1-30.000G 



AC-11 HERMETICITY 



AC-12TRIM 



FINAL TEST 

I 



PACK 

~~l 



QC-22 OUTGOING AUDIT 



QUALITY ASSURANCE AUDIT 



SHIP 



*This High Reliability flow chart applies to ceramic product. 
Similar flow charts exist for cerdip and TC packaging. All 
ACXX, QCXX procedures are under SMC Document Control. 
All Method XXXX procedures are MIL-STD-883 Test Methods. 
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HI REL AVAILABLE 
ON ALL HERMETIC PACKAGES* 



WAFER LOT ACCEPTANCE 



WAFER PROBE 



AC-01 SAW 



AC-02 BREAK 



AC-03 DIE PLATE 



DIE VISUAL 
METHOD 2010 COND. B 



QC DIE VISUAL AUDIT 
METHOD 2010 COND. B 



AC-05 DIE ATTACH 



METHOD 2019 
DIE SHEAR STRENGTH 



AC-06-AL WIRE BOND 



AC-07-AU WIRE BOND 



METHOD 2011 BOND STRENGTH 



PRE-SEAL VISUAL 
METHOD 2010 COND. B 

I 



PRE-SEAL VISUAL AUDIT 
METHOD 2010 COND. B 



AC-09 SEAL 

I 



AC-10 MARK 



METHOD 1008 STABILIZATION BAKE 



METHOD 1010 COND. C 
TEMP CYCLE 

I 



METHOD 2001 COND. E 
CONSTANT ACCELERATON 



METHOD 1014 SEAL 
(HERMETICITY) 

I 



AC-12TRIM 



PRE-BURN-IN TEST 



METHOD 1015 BURN-IN 



FINAL TEST 



PACK 

1 



METHOD 2009 
EXTERNAL VISUAL 



QC-22 OUTGOING AUDIT 



— QUALITY ASSURANCE AUDIT 



SHIP 



PLASTIC (NOTE 1) 



CERDIP 



WAFER LOT ACCEPTANCE 




WAFER LOT ACCEPTANCE 




I 




I 




WAFER PROBE 




WAFER PROBE 




I 




I 




SAW/BREAK 




AD-01 SAW 




I 




I 




DIE PLATE 




AD-02 BREAK 




I 




I 




SECOND OPTICAL DIE VISUAL 




AD-03 DIE PLATE 




I 




I 




DIE VISUAL AUDIT 




AD-04 STANDARD DIE VISUAL 




I 




I 




DIE ATTACH 




QC-09 DICE INSPECTION AUDIT 














I 








DIE PUSH TEST 




AD-05 DIE ATTACH 
























WIRE BOND 






AD-06 DIE SHEAR AUDIT 


























— 


BOND STRENGTH AUDIT 




AD-07 WIRE BOND 
























THIRD OPTICAL PRE-SEAL VISUAL 






AD-08 WIRE PULL AUDIT 




I 














PRE-SEAL AUDIT 




AD-09 PRE-SEAL VISUAL INSPECTION 




I 




1 




MOLD 




QC-08 PRE-SEAL AUDIT 




I 




1 




BACK-SIDE MARK 




AD-10PRE-BAKE 




I 




I 




TRIM/FORM 




AD-11 SEAL 




I 




I 




SOLDER DIP 




AD-12MARK 




I 




I 




MARK 




PS-10 TIN PLATE 




I 




I 




OPEN/SHORT TEST 




PS-10 VISUAL INSPECTION 




I 












EXTERNAL VISUAL 






QC-15 SOLDERABILITY AUDIT 
























AD-13 TEMP CYCLE 








MECHANICAL/VISUAL 
MARKING PERMANENCE 










I 








AD-14 CONST ACCELERATION 
















FINAL ELECTRICAL TEST 




I 






AD-15HERMETICITY 




I 






PACK 




I 






AD-16TRIM 




I 






QC 22 OUTGOING QC AUDIT 




I 






FINAL ELECTRICAL TEST 




















QUALITY ASSURANCE AUDIT 




I 








PACK 
















SHIP 




I 






QC-22 OUTGOING QC AUDIT 
























QUALITY ASSURANCE AUDIT 














SHIP 





Note 1 — Plastic assembly is sub-contracted. Assembly 
operations are controlled by SMC approved 
sub-contractor specifications. 
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Data Communication Products 



Fart 
Number 


Name 


Description 


Max 
Baud Rate 


Power 
Supplies 


Package 


Page 




COM 1653A 


MIL-STD- 
1553A UART 


MIL-STD-1553 (Manchester) Interface 
Controller 


1 MB 


+5 


40 DIP 


27-42 




COM 1671 


ASTRO 


Asynchronous/Synchronous 
Transmitter/Receiver, Full Duplex, 5-8 
data bit, IX or 32X clock 


1 MB 


+5, -5, +12 


40 DIP 


43-58 


*M 


COM 1863 


UART 


Universal Asynchronous Receiver/ 
Transmitter, Pull Duplex, 5-8 data bit, 
1, 1 Vs, 2 stop bit, enhanced distortion 
margin 


62.5 KB 


+5 


40 DIP 


59-66 




COM 2017 


UART 


Universal Asynchronous Receiver 
Transmitter, Full Duplex, 5-8 data bit, 
1,1%, 2 stop bit 


25 KB 


+5, -12 


40 DIP 


67-74 




COM 2017H 


UART 


Universal Asynchronous Receiver/ 
Transmitter, Full Duplex, 5-8 data bit, 
1, lVfc, 2 stop bit 


40 KB 


-5, -12 


40 DIP 


67-74 




COM 2449 


RS449-USART 


RS 449 Compatible Universal 
Synchronous/Asynchronous 
Receiver/Transmitter 


1 MB 


+5 


40 DIP 


75-90 




COM 2502 


UART 


Universal Asynchronous Receiver/ 
Transmitter, Full Duplex, 5-8 data bit, 
1, 2 stop bit 


25 KB 


-t-5, -12 


40 DIP 


67-74 




COM 2502H 


UART 


Universal Asynchronous Receiver/ 
Transmitter, Full Duplex, 5-8 data bit, 
1,2 stop bit 


40 KB 


+5, -12 


40 DIP 


67-74 




COM 2601 


USRT 


Universal Synchronous Receiver/ 
Transmitter, STR, BSC, Bi-sync 
compatible 


250 KB 


+5, -12 


40 DIP 


91-98 




COM 2651 


USART/PCI 


Universal Synchronous/Asynchronous 
Receiver/Transmitter, Full Duplex, 5-8 
data bits; 1, 1%, 2 stop bit, IX, 16X, 
64X clock 


1 MB 


+5 


28 DIP 


99-110 




COM 2661 


USART/EPCI 


Universal Synchronous/Asynchronous 
Receiver/Transmitter, Full Duplex, 5-8 
data bits; 1, lVa, 2 stop bit, IX, 16X, 
64X clock 


1 MB 


-t-5 


28 DIP 


111-122 




COM 5025 


Multi-Protocol 
USYTJRT 


SDLC, HDLC, ADCCP, Bi-sync, DDCMP 
compatible, automatic bit stuffing/ 
stripping, frame detection/generation, 
CRC generation/checking, sync detection 


1.5 MB 


+5, +12 


40 DIP 


123-134 




COM 8004 


32 Bit CRC 
Generator/ 
Checker 


Companion device to COM 5025 
for 32 bit CRC 


2.0 MB 


+5 


20 DIP 


135-140 




COM 8017 


UART 


Universal Asynchronous Receiver/ 
Transmitter, Full Duplex, 5-8 data bit, 
1, lVa, 2 stop bit 


40 KB 


+5 


40 DIP 


141-148 




COM 8018 


UART 


Universal Asynchronous Receiver/ 
Transmitter, Full Duplex, 5-8 data bit, 
1, 1 Vz, 2 stop bit, enhanced distortion 
margin 


62.5 KB 


+5 


40 DIP 


59-66 




COM 8251 A 


USART 


Universal Synchronous/Asynchronous 
Receiver/Transmitter, Full Duplex, 5-8 
data bit, 1, 1 Vfe, 2 stop bit 


64 KB (sync) 
9.6 KB (async) 


+5 


28 DIP 


149-164 




COM 8502 


UART 


Universal Asynchronous Receiver/ 
Transmitter, Full Duplex, 5-8 data bit, 
1, 2 stop bit 


40 KB 


+5 


40 DIP 


141-148 
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STANDARD MICROSYSTEMS 
CORPORAnOTl^^^= 



COM 1553A 

/UPC FAMILY 



MIL-STD-1553A "SMART®" 



FEATURES 

□ Support of MIL-STD-1553A 

D Operates as a: Remote Terminal Responding 
Bus Controller Initiating 

□ Performs Parallel to Serial Conversion when 
Transmitting 

D Performs Serial to Parallel Conversion when 
Receiving 

□ Compatible with HD-15531 Manchester Encoder/ 
Decoder 

'□ All Inputs and Outputs are TTL Compatible 
D Single +5 Volt Supply 

□ COPLAMOS® N Channel MOS Technology 

□ Available in PC Board Form from Grumman 
Aerospace Corporation 



PIN CONFIGURATION 









■O'MSGFLG 1 £ 

■O'WRDFLG 2 £ 

IVWF 3 £ 

DTAAVL 4 £ 


W 


2 40GND 


J 39BDCST 

1 38Vcc 
3 37AD1 

2 36AD2 
2 35AD3 
2 34AD4 

2 33AD5 

3 32RDE 
3 31 D7 
3 30 D6 
] 29 D5 
] 28 D4 

1 27 D3 

2 26 D2 
I] 25 D1 
] 24 D0 

3 23TDE 


RCVINT 5 £ 

TXINT 6 £ 

CMDSYN 7 £ 

DTASYN 8 £ 

RCVNRZ 9 C 

SWE10 £ 

POR11 £ 

IA12 £ 

RCVCLK13 Q 

VW14 £ 

SEND DATA 15 £ 

DTARQST16 C 

MSGCOMPLT17 £ 

TXENA18 £ 

TXCLK19 C 

XMITNRZ20 C 






















J 22 TX MODE 
3 21 BC 


PACKAGE: 40-pin D.I. P. 



GENERAL DESCRIPTION 



The COM 1553A SMART® (Synchronous Mode Avionics 
Receiver/Transmitter) is a special purpose COPLAMOS 
N-Channel MOS/LSI device designed to provide the 
interface between a parallel 8-bit bus and a MIL-STD- 
1553A serial bit stream. 

The COM 1553A is a double buffered serial/parallel and 
parallel/serial converter providing all of the "hand 
shaking" required between a Manchesterdecoder/ 
encoder and a microprocessor as well as the protocol 
handling for both a MIL-STD-1553 bus controller and 
remote terminal. 

The COM 1553A performs the following functions in 
response to a 16 bit Command Word. It provides address 
detection for the first five bits of the serial data input. 
If all 1's appear in the address field, a broadcast signal 
is generated. The sixth bit is decoded as mode: transmit 
or receive. The next five bits are decoded for zero 
message flag and special flags in the subaddress/mode 
field. The last five bits (word-count field) are decoded 
determining the number of words to be received or 
transmitted. 

When receiving data sync the COM 1553A performs a 
serial to parallel conversion, buffers the 16 bit message 



word, and formats it into two parallel (8 bit) bytes for 
presentation to the I/O bus under processor or hard 
wired logic control. 

In the transmit mode the COM 1553A takes two parallel 
8 bit data words from the I/O bus and serially transmits 
the resultant 16 bit word to the Manchester encoder. 
This is done under the control of Send Data. To facilitate 
data transfer the COM 1553A provides all necessary 
buffering and storage for transmitted and received data. 
It also provides all necessary hand shaking, control 
flags and interrupts to a processor or hard wired logic 
terminal. See block diagram 1. 

The COM 1553A can be set up as either a remote termi- 
nal or a bus controller interface. 

The COM 1553A is compatible with Harris' HD-15531 
CMOS Manchester Encoder-Decoder chip and inter- 
faces directly with it. A 3 device kit consisting of: SMC's 
COM 1553A, Harris' HD-15531 and Circuit Technology's 
CT1231 forms a complete system interface for the 
message structure of MIL-STD-1553A. See block 
diagram 2. 

Note: All terminology utilized in this data sheet is 
consistent with MIL-STD-1553. 
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DESCRIPTION OF PIN FUNCTIONS 



PIN NO. 


NAME 


SYMBOL 


FUNCTION 


1 


"0" MESSAGE FLAG 


0MF 


The ZERO MESSAGE FLAG output is set when the 7th 
through 11th bits of the NRZ serial input data in a command 
envelope (see figure 1 ) are zero. 0MF is an open drain output. 


2 


"0" WORD FLAG 


0WF 


TheZERO WORD FLAG output isset when the12ththrough 
16th bits of the NRZ serial input data in a command envelope (see 
figure 1 ) are zero. 0WF is an open drain output. 


3 


INVALID WORD 
FLAG 


IVWF 


The INVALID WORD FLAG output is set when the word just 
received has an invalid parity bit or invalid format. IVWF is an open 
drain output. 


4 


DATA AVAILABLE 


DTA AVL 


DATA AVAILABLE is set when a word received is ready to be read. 
When the COM 1553A is the bus controller, DTA AVL occurs on 
command, status or data words. When the COM 1553A is a remote 
terminal, DTA AVL is set only on data words. DTA AVL is an open 
drain output. 


5 








RECEIVE INTERRUPT 


RCV INT 


RECEIVE INTERRUPT is set to zero when the 6th bit following a 


command sync is a zero and thefirst5 bits match AD1-AD5. RCV INT 
is reset to one by I A or POR, or if the line is not active for 32 
receive clocks. 


6 








TRANSMIT INTERRUPT 


TX INT 


TRANSMIT INTERRUPT is set to zero when the 6th bit following a 
command sync is a one, and thefirst 5 bits match AD1-AD5.TXINT is 
reset to one by IA or POR. 


7 


COMMAND SYNC 


CMD SYN 


COMMAND SYNC is an input from the Manchester decoder and 
must be high for 16 receive clocks enveloping the receive NRZ data 
of a command word. 


8 


DATA SYNC 


DTA SYN 


DATA SYNC is an input from the Manchester decoder and must be 
high for 16 receive clocks enveloping the receive NRZ data of a 
data word. 


9 


RECEIVER NRZ 


RCV NRZ 


Receiver serial inputfrom Manchesterdecoder. Data must be stable 
during the rising edge of the receive clock. 


10 




SWE 




STATUS WORD 
ENABLE 


SWE is the output enable for the following open drain outputs: 

0MF 

0WF 

IVWF 

DTA AVL 

DTARQ 

MSG CPLT 


11 




POR 




POWER ON RESET 


POWER ON RESET. Active low for reset. 


12 




Ta 




INTERRUPT ACKNOWLEDGE 


IA resets TX INT, REC INT, 0MF, 0WF and BRD CST IA may occur 
between the trailing edges of receive clocks 6 and 10, orbetween the 
leading edge of receive clock 12 and the falling edge of receive clock 
15, or after the falling edge of clock 17. 


13 


RECEIVE CLOCK 


RCV CLK 


The RECEIVE CLOCK is synchronous with the Receiver NRZ input 
during the command sync or data sync envelopes. 


14 


VALID WORD 


VW 


This input is driven by the VALID WORD output of the Manchester 
Decoder. VW should occur immediately after the rise of the first 
RCV CLK following the fall DATA SYNC or COMMAND SYNC. 
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DESCRIPTION OF PIN FUNCTIONS 



PIN NO. 


NAME 


SYMBOL 


FUNCTION 


15 


SEND DATA 


SD 


SEND DATA is a "handshake" signal received from the Manchester 
encoder indicating that the encoder is ready for the COM 1553A to 
transmit data. SD will bracket 16 transmit data clocks. The contents 
of the transmitter buffer will be transferred into the transmit register 
when SD is low. 


16 


DATA REQUEST 


DTA RQST 


DATA REQUEST is an open drain output which is set high when 
the transmitter holding register is ready to accept more data. 


17 








MESSAGE COMPLETE 


MSG CMPLT 


In the receive mode the MESSAGE COMPLETE output is set low 
when the appropriate number of data words have been received. In 
the transmit mode, MSG CMPLT indicates that the appropriate 
number of command, status or data words have been transmitted. 


When the COM 1553A is a bus controller, MSG CMPLT will be 
asserted low when 33 command status or data words have been 
transmitted. MSG CMPLT is an open drain output. 


18 


TRANSMIT ENABLE 


TXENA 


A TRANSMIT ENABLE signal will be sent to the Manchester 
Encoder to initiate transmission of a word. TXENA is generated 
under the followinq conditions: 


1 ) COM 1553A isa bus controller: A TXMODE pulse will set TXENA. 
A second TXMODE pulse will reset TXENA. 

2) COM 1553A is a remote terminal. A Transmit Command from the 


Controller will cause a TRANSMIT INTERRUPT (see pin 6). When 
this is acknowledged by a TXMODE pulse from the system, TXENA 
will be set. 
TXENA will then be reset by either 

A) Send Data Command associated with the last data word. 

B) a second TXMODE pulse. 

3) COM 1553A is a remote terminal. The falling edge of a DATA 
SYNC associated with the last data word of a message while in the 
receive mode. TXENA will be reset during the next SEND DATA 
envelope. 


19 


TRANSMIT CLOCK 


TXCLK 


Transmitter shift clock. 


20 


TRANSMIT NRZ 


XMIT NRZ 


Serial data output to the Manchester Encoder. 


21 




BC 


BC determines whether the COM 1553A is acting as bus controller 
(BC = 0) or as a remote terminal (BC = 1). 


BUS CONTROLLER 
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TRANSMIT MODE 


TXMODE 


TXMODE is a system input controlling transmission. See TXENA 
(pin 18). 


23 




TDE 


TDE is an input from the system initiating transmission. Two TDE 
pulses are required for each 16 bit data word, one for each 8 data 
bits placed on D0-D7. 


TAKE DATA ENABLE 


24-31 


DATA BUS 


D0-D7 


Bidirectional 8 bit Data Bus to the system. D0 is the LSB. D0-D7 
present open drain outputs. 


32 




RDE 


RDEisan input from the system instructing the COM 1553Atoplace 
the received data onto D0-D7. Two RDE pulses are required per 16 
bit data word, one for each 8 bits. 


READ DATA ENABLE 


33-37 


ADDRESS 


AD5-AD1 


AD1-AD5 provide addressing to the COM 1553A. Each input has a 
pull-up resister allowing simple switching to ground to select the 
user address. 


38 


POWER SUPPLY 


VCC 


+5 Volt supply. 


39 








BROADCAST 


BDCST 


BDCST is set low when a "broadcast" command word (the address 
bits all set to "one") is being received. BDCST is reset by IA. 


40 


GROUND 


GND 


Ground 
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OPERATION. ..RECEIVE MODE 



The COM 1553A is considered in the receive mode when 
TXENA = 0. The most significant bit of both command 
and data words is received first. 

Message reception is initiated when CMD SYN goes 
high. The next 16 receive clocks are used to shift serial 
data into RCV NRZ. 

The first 5 bits of a command word designate a remote 
terminal address. These 5 bits are compared with AD1-5. 
Should the address bit s compare, the sixth bit is 
examined. If it is a zero, a RECEIVE INTERRUPT is ge n- 
erated. If it is a one, a TRANSMIT INTERRUPT is 
generated. 

Bit fields 7-11 and 12-16 are examined for all zeros. All 
zeros in bit field 7-11 denotes a "ZERO MESSAGE" and all 
zeros in bit field 12-16 denotes a "ZERO WORD." 

Receipt of a data word is indicated when DTA SYN 
goes high. 

When DTA SYN or CMD SYN goes low, the contents of 
the 16 bit receive register are loaded into the receive 
buffer. The buffer is organized into two groups of 8 bits 
each. The most significant 8 bits (byte 1 ) will be en abled 
onto th e 8 bit data bus on receipt of the first RDE pulse 
(RDE1). The secon d byte will b e enabled on receipt 
of the second RDE pulse (RDE2). 

A DATA AVAILABLE is generated for data words only. 
However, data will be available on D0-D7 for both com- 
mand and data words. 



If 32 clocks are received after the rising edge of CMD 
SYN or DTA SYN an "Idle Line Reset" condition exists. 
This implies that a new CMD SYN or DTA SYN has not 
yet been received within 16 clocks of the fall of the 
previous sync signal. The "Idle Line Resef'will reset the 
following signals: 

REC IN T "0" MSG FLG 

TX INT "0" WRD FLG 

BRD CST 

When the c ommanded number of da ta words have been 
received, a MESSAGE COMPLETE signal is generated. 

As the transmitter and receiver registers operate 
independently, the COM 1553A will receive its own 
transmission. The following signals are inhibited during 
transmission: 

BC = 1 



BC = 




REC INT 
XMT INT 



BRD CST 

0WF 

0MF 

JAM MESSAGE ERROR* 



DAT AVL 

IVWF 

REC INT 

XMT INT 

0MG 

0WF 

BRD CST 

JAM MESSAGE ERROR* 



*JAM MESSAGE ERROR is an internal signal. See 
OPERATION... TRANSMIT MODE. 



OPERATION...TRANSMIT MODE 



The COM 1553A is considered in the transmit mode 
when TXENA — 1. This is caused by a TXM ODE pulse 
(see description of pin functions, pin 18). The TXMODE 
pulse in turn is a system response to a transmit 
command from the receiver. 

When the Manchester Encoder receives TXENA = 1, it 
will respond with SEND DATA = 1 . The COM 1553A will 
then send the system a DATA REQUEST. 

Data is loaded into the tra nsmi tter data buffer from the 
8 bit data bus by pulsing TD E. Th e 8 mo st sig nificant 
bits are loaded in by the first TDE pulse (TDE1 ), the 8 
least significant bits by the second TDE pulse (TDE2). 

When SEND DATA (pin 15) is low, the transmitter shift 
register inputs will follow either the transmit buffer 
output, JAM ADDRESS or JAM MESSAGE ERROR sig- 
nals. When SEND DATA is high, the shift register parallel 
inputs are disabled and the shift register contents are 
shifted out in NRZ form using the 16 negative edges in 
the send data envelope. 

To facilitate transmission of the status word from a 
remote terminal, the COM 1553A will "jam" the first 
(most significant) 6 bits of_the status word into the 
transmit register when BC is high. These bits will 
automatically be sent at the first SEND DATA pulse. In 
general for MIL-STD-1553A the remaining 10 bits will 
normally be all zeros and will automatically be sent out 
as such. If it is desired to send addi tional status 
information (forMIL-STD-1553B),aTDE1 pulse will load 



the le ast significant 2 bits of the first 8 bit byte, and a 
TDE2 will load all 8 bits of the second byte. Note that 
these TDE pulses must be sent (and data presented) 
before the first SD = 1 response from the Manchester 
Encoder. 

A JAM ADDRESS occurs when 1) a t ransmit co mmand 
is addressed to the COM 1553A 2) A TXMODE pulse is 
received and 3) a valid word signal is received. Upon a 
JAM ADDRESS the COM 1553A will load its address into 
the first 5 bits of the transmit register. 

Alternatively, a JAM ADDRESS will also occur at the 
fall of the last data sync after valid receive command 
has been detected. 

The JAM ADDRESS function will be inhibited if a "0" 
word and "0" message condition exists in the command 
word. The JAM ADDRESS will be reset by the leading 
edge of SEND DATA. 

The JAM MESSAGE ERROR function occurs when, in 
the receive mode, a data word is not followed by a 
VALID WORDsignal. JAM MESSAGE ERROR consists 
of loading a one in the sixth bit location of the transmit 
shift register (the message error location). 

JAM MESSAGE ERROR is inhibited when the transmit 
command word contains "0" Message and "0" Word 
fields. 

When the com manded number of data w ords has been 
transmitted a MESSAGE COMPLETE signal will be 
generated. 
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GENERAL OPERATION NOTES 



BUS CONTROLLER. When BC = 0, signifying that the COM 1553A is the bus controller the following is true: 

A. DTA AVL is generated on the rising edge of the 17th receive clock following a Command Sync or Data Sync. This 
allows the bus controller to re ceive comm and, status or data words regardless of their address. 

B. TXENA is contingent only on TXMODE. A bus controller can therefore transmit whenever it desires. 

C. The jam functions are inhibited. 

INVALID WORD FLAG. When BC = 0, IVWF will be set if the Valid Word input (from the Manchester decorder) does 
not go high following receipt of all words. This includes words received from the same device's transmitter. (This 
provides a validity test of the controller transmission). 

When BC = 1, IVWF will be set if Valid Word does not go high following receipt of all command and address words 
addressed to the terminal. 

IVWF will be set for the following conditions: 



Message type 


Word 


Terminal is 


IVWF generated 


Transit Group 


Transmit command 


receiving 


yes 




Status word 


transmitting 


no 




Data word 


transmitting 


no 


Receive Group 


Receive command 


receiving 


yes 




Data word 


receiving 


yes 




Status word 


transmitting 


no 


Receive/Transmit 


Receive command 


receiving 


yes 


Group (this 


Transmit command 


receiving 


no 


terminal addressed 


Status word 


receiving 


no 


to receive) 


Data word 


receiving 


yes 




Status word 


transmitting 


no 


Receive/Transmit 


Receive command 


receiving 


no 


group (this terminal 


Transmit command 


receiving 


yes 


addressed to 


Status word 


transmitting 


no 


transmit) 


Data word 


transmitting 


no 




Status word 


receiving 


no 



3. POWER ON RESET. During power-up, POR is a lo w to h igh exponential with a minimum low time, after the 
supply is within specified limits, of 10 microseconds. POR may also occur asynchronously anytime after power 
has stabilized. 



POR initializes the following outputs: 

0MG 
0WF 



BRD CST 



REC INT 
MSG CMPLT 
IVW 
RDE 



XMT INT 
The following circuit may be used to implement POR 



TDE 

DTA AVL 
TXENA 
DTA RQ 



TO OTHER SYSTEMS 

o 




IN914orequiv. 

4. WORD COUNT: Word count is decoded as follows: 

D1 D2 D3 D4 D5 Word Count 















1 


1 











1 





2 


1 


1 


1 


1 


1 
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TRANSMIT TIMING FIGURE 1 

h — 1 — >+*— 2 »-|- « 3 » |« 4 — ^ h*— 18— »-|-*— 19— »+*— 20- 



TXENA 



SEND DATA 



XMIT NRZ 



fi 

-16 transmit clocks- 



MSB 



■ih 



LSB 



MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range -55° C to +1 25° C 

Storage Temperature Range -55°C to +150°C 

Lead Temperature (soldering, 10 sec.) +325° C 

Positive Voltage on any Pin, with respect to ground +8.0V 

Negative Voltage on any Pin, with respect to ground -0.3V 

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute 
Maximum Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes 
or "glitches" on their outputs when the AC power is switched on and off. In addition, voltage transients on the 
AC power line may appear on the DC output. If this possibility exists it is suggested that a clamp circuit be used. 

ELECTRICAL CHARACTERISTICS (Ta = -55°C to 125° C, Vcc = +5 ±5%, unless otherwise noted) 



PARAMETER 


MIN 


TYP 


MAX 


UNIT 


COMMENTS 


DC CHARACTERISTICS 














Input Voltage Levels 
Low Level, Vil 
High Level, Vm 


3.0 




0.8 


V 
V 






Output Voltage Levels 
Low Level Vol 
High Level Voh 
Low Level Vol 


3.0 


4.0 


0.4 
0.4 


V 
V 
V 


l0L = 
IOH = 
|0L = 


-1.6 mA, except open drain 
100 /uA, except open drain 
-1.6 mA, open drain output 


Output Leakage, ko 
Input Current, AD1-AD5 




60 


10 


/"A 


VlN = 


OV 


Output Capacitance 
Input Capacitance 
Power Dissipation 




5 
10 


10 
25 
500 


pf 
pf 

mW 
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PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNIT 


COMMENTS 


AC CHARACTERISTICS 














Clock Frequency 


f T ,f R 


980 


1000 


1020 


KHz 




Clock Duty Cycle 




45 


50 


55 


% 




Rise and fall times, IA, TDE 














TXMODE, SWE, RTJE 


tr.tf 






20 


ns 




rise and fall times, all 














other inputs 


tr.tf 






50 


ns 




receiver clock-NRZ 


tRN 






65 


ns 


figure3B 


receiver clock-sync delay 


tsR 






85 


ns 


figure 3B 


receiver clock-VW delay 


tRV 






100 


ns 


figure3B 


VW reset delay 


tvs 






500 


ns 


figure 3C 


transmit clock-TX ENA delay 


tTX 


25 






ns 


figure 4A 


TXENA pulse width 


txw 


60 






ns 


figure 4A 


transmit clock-send data set-up 


tTS 






40 


ns 


figure 4B 


transmit clock-send data hold time 


tsT 






140 


ns 


figure 4C 


transmit clock fall to NRZ 


tTN 









ns 


figure4B 


transmit clock rise to NRZ 


tNT 


95 






ns 


figure 4B 


TXMODE pulse width 


tMW 


150 






ns 


figure 5A 


TXMODE to TXENA delay 


tMX 






750 


ns 


figure 5B 


VALI D word to TX ENA delay 


tvx 






750 


ns 


figure5B 


Data sync to TX ENA delay 


tox 






750 


ns 


figure 5C 


TX ENA reset delay 


tsx 






750 


ns 


figure 5C 


DATA SET-up time 


tDI 


100 






ns 


figure 6A 


TDE pulse width 


tD2 


150 






ns 


figure 6A 


Data Hold time 


tD3 


100 






ns 


figure 6A 


Cycle time 


tD4 


450 




16000 


ns 


figure 6A 


DTA RQST Delay 


tDS 


450 






ns 


figure 6 A 


Output Enable time 


tD6 


100 






ns 


figure 6B 


RDE Pulse width 


tD7 


150 






ns 


figure 6B 


receive cycle time 


tD8 


450 




17000 


ns 


figure 6B 


Flag delay time 


tD9 


450 






ns 


figure 6B 


Output disable time 


tDIO 


100 






ns 


figure6B 


SEND DATA delay 


tD11 


2.5 




3.5 


/US 


figure 6C 


TDE off delay 


tD12 


1.5 






/US 


figure 6C 


TDE1 delay 


tD13 


500 






ns 


figure 6C 


SYNtoRDE 


tD14 


500 






ns 


figure 6D 


RDEtoSYN 


tD15 






2.5 


/US 


figure 6D 


Status word Enable 


tsE 






100 


ns 


figure 8 A 


Status word Disable 


tSD 






100 


ns 


figure 8 A 


Flag delay time 


tcF 






1 


/US 


figure 8B 


VW delay time 


tcv 






90 


ns 


figure 8B 


IVWF delay time 


tci 






450 


ns 


figure 8B 


DTA AVL delay time 


tcD 






500 


ns 


figure 8B 


DTA RQST delay time 


tsR 






450 


ns 


figure 8C 


BRD CST delay time 


tRB 






2 


/US 


figure 8C 


BRD CST pulse width 


tBW 


1 






(IS 


figure 8D 


flag reset delay 


tlB 






750 


ns 


figure 8D.8E 


Interrupt delay 


tRI 






1.5 


(JS 


figure 8D 


IA pulse width 


tlA 


150 






ns 


figure 8D 


Interrupt pulse width 


tiw 


1 






/US 


figure 8D 


Flag reset time 


tFH 






450 


ns 


figure 8F 


DTA AVL reset delay 


tRD 






750 


ns 


figure 8F 


IVWF reset delay 


tRV 






750 


ns 


figure 8F 


MSG CMPLT turn-on delay 


tMR 






1.5 


/US 


figure 9A.9B 


MSG CMPLT turn-on delay 


tMF 






1.5 


/US 


figure 9A.9C 
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RCV CLK 
CMD SYNC 


RECEIVE TIMING FIGURE 2 

i_ri_n_n,r-L_nj 

> * 








DATA SYNC 




1 1 






RNRZ 


MSB 

( ( 


LSB 






)) 




VW 




) ) 







RECEIVER INPUT TIMING FIGURE 3 
3A 



RCV CLK 


\ 


, 


/ \ 








COMMAND/ 
DATA SYNC 








— 


1 


-. — t„, Vj CLOCK CYCLE 



3B 



RNRZ 


[ 




t„. 










RCV CLK 


' 






\ 






i 




CMD/DATA SYNC 




\ 






. 




VW 


/ 

















3C 



CMD/DATA SYNC 




' 




\ 




VW 




"J 




— l vs 



TRANSMITTER TIMING FIGURE 4 
4A 



TXCLK 


/ 

1 


\ 




r 








TXENA 


1 


i 









4B 



r~ 


1 






/ 


' 




/ 
















t.«— ► 


-»-|.T-»- 










\ 


Z 





JV 



4C 



TXCLK / 


1 


/ 








D DATA 


r * 


■ 
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TRANSMIT ENABLE (TX ENA) TIMING FIGURE 5 



5A 



^L> 



-5 s- 



^ s- 



1_T 



5B* 



-\ y 



TX MODE, NEGATIVE TRANSITION WILL 
OCCUR IN CROSS-HATCHED AREA. 



"TIMET ( ( |5|617|81 9 |10|11| 12 |13|14|1 5 [16] Mill* [fT 
*CMDSYNC ! 



-1 fjs min 



^ h 



VALID WORD 



! tXXXXXXXXXX 

"] p«- 1 ais min 



■ 0.6 ais typ 



i_Ft 




"J M 



^H \+- t, 



LAST DATA 
SEND 



i-T 



♦THIS IS A CMD WORD BEING RECEIV ED, IT IS A DDRESSED TO THIS BUFFER AND THE 
T/R BIT-1. TX ENA IS RESET BY 2ND TX MODE NEGATIVE TRANSITION OR BY 
LAST SEND DATA (MESSAGE COMPLETE FUNCTION). 



DATA SYNC 
RCV BIT TIMES 



5C* 






I 1 I ^ I I jl 15 | 16 | j ^ 



^ 



**THIS IS THE LAST DATA WORD BRING RECEIVED. THIS TERMINAL PREVIOUSLY 
HAD RECEIVED A REC CMD WORD WITH OUR ADDRESS AN DAREC/XM IT BIT = 
DURING THIS MESSAGE SEQUENCE. TX ENABLE IS SET BY MSG CMPLT 
FUNCTION AND RESET BY RECEIPT OF SEND DATA. 
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DATA BUS TIMING FIGURE 6 



6A 



D0-D7 




BITS 8-7 

> 


) 






BITS 8-15 


) 










TOE 








' 












DTA RQST 


— t.,— 














' 


. 
































"" 











6B 



DATA BUS TIMING FIGURE 6 



6C 



TBI Tde2 state 



TDE1 STATE 



NOTE: SEND DATA RISING EDGE INITIALIZES TDE TO TDE1 STATE 



6D 




IA RESETS FIGURE 7 



I2I3I4I5I6I7I 



I 110 111 1 12 1 13 1 14 1 15 116 117 1 18 119 1 20 1 



RE cclk 'uijirLJiJiruiiinjiiiRrijmiuuiniiJ' 
ii' 

i — i i ' 
1 1 

r.Mn ryn — i i i 



"^ 



DTA AVL 
(DATA SYNC = 1) 
TX INT OR REC INT 



m 



m 



\2&#a be^j bc'^ 



IA OCCURRING DURING ZONE A RESETS: BRD CST. TX INT. REC INT. 

IA OCCURRING DURING ZONE B RESETS: BRD CST. TX INT. REC INT. "0" MSG FLG. 

LA OCCURRING DURING ZONE C RESETS: BRD CST. TX INT. REC INT. "0" MSG FLG. 
"(TWRDFLG. 
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STATUS FLAGS FIGURE 8 



8A 



STATUS BITS 



-//- 
"//- 



8B 



n_nj 



- Notes: 1.SWE = 

2. IVWF and DTA AVL reset by RDE2 or REC CLK 14 of the 
next word 



LTU 




>'" 



8C 



SEND DATA 



8D 



OMIN LJ 



8E 



w 



8F 



DTA AVL 


' 


\ 






IVWF 




i 






RDE 


MU 
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9A 



MESSAGE COMPLETE FIGURE 9 
BUS CONTROLLER MODE 

Ml ii 



-it- 



W, 



"WORD COUNTER IS PRESET TO 33 



"MSG CMPLT SET t«„ MAX AFTER RISE OF 33RD SEND 
DATA PULSE 



9B 



REMOTE TERMINAL, RECEIVE COMMAND RECEIVED 



BC 



J 



-is- 



i_n 



'WORD COUNTER PRESET TO COUNT IN COMMAND WORD 



"MSG CMPLT GENERATED BY LAST DATA SYNC OF 
THE MESSAGE GROUP 



9C 



REMOTE TERMINAL, TRANSMIT COMMAND RECEIVED 



EC 



CMD SYNC 



i_n 



-ii- 



*WORD COUNTER PRESET TO TRANSMIT COMMAND WORD FIELD 
PLUS 1. THIS ALLOWS FOR THE STATUS WORD. 



"MSG CMPLT GENERATED BY THE LAST SEND DATA OF 
THE TRANSMIT MESSAGE GROUP. 
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TYPICAL SYSTEM OPERATION 



(Z> 



{ INITIALIZE J 




BROADCAST 




PRES ET TD E 
TO TDE1 
STATE 





PRES ET RD E 
TO RDE1 
STATE 





SET 
DATA 
AVAit 



*SEE FIGURE 7 FOR ALLOWABLE TIMES TO SEND IA 
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FROM ENCODER 



PRESENT 
UPPER BYTE j 
OND0-D7 / 



TO ENCODER 



/ SEND 

^STATUS WORD , 
FROM / 

BUFFER / 



f PRESENT 
LOWER BYTE ; 
OND8-D7 / 



PRESET TDE 
LAT CH TO 
TDE1 STATE 



y TO MP 



SET 

DATA 

REQUEST 



/ 1. PRESENT 
UPPER B YTE 
2. PULSE TDE / 



SET TDE 
LATC H TO 
TDE2 STATE 



! 1. PRESENT 
LOWER BYTE 
2. PULS E j 
TDE / 




TRANSFER 

BUFFER 

CONTENTS INTO 

XMIT SHIFT 

REGISTER 






FROM ENCODER 



' ' TO ENCODER 



TO ENCODER 



SEND 
XMITNR2 
(STATUS 
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OPEN DRAIN OUTPUT 
FIGURE 10 



SWE 



INTERNAL LOGIC -*- 




D0-D7 INPUT/ OUTPUT 
FIGURE 11 

Vcc 



n 



INTERNAL LOGIC "*" 



O 



OTHER OUTPUTS 
FIGURE 12 

Vcc 



J 



INTERNAL LOGIC -<- 
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STANDARD MICROSYSTEMS 
CORPORATION, 



f 35 ttrcus Blvd.. Hauppaugt NY. 11783 
' (516)273-3100 TWX-510-227-8898 

we keep ahead of our competition so you can keep ahead of your. 



Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not conveyto the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORAim^^^= 



COM1671 

(A PC FAMILY 



Asynchronous/Synchronous Transmitter- Receiver 



ASTRO 



FEATURES 

□ SYNCHRONOUS AND 
ASYNCHRONOUS 

Full Duplex Operations 

□ SYNCHRONOUS MODE 

Selectable 5-8 Bit Characters 

Two Successive SYN Characters Sets 

Synchronization 
Programmable SYN and DLE Character 

Stripping 
Programmable SYN and DLE-SYN Fill 

□ ASYNCHRONOUS MODE 

Selectable 5-8 Bit Characters 
Line Break Detection and Generation 
1 -, 1 V2-, or 2-Stop Bit Selection 
Start Bit Verification 
Automatic Serial Echo Mode 

□ BAUD RATE— DC TO 1M BAUD 

□ 8 SELECTABLE CLOCK RATES 

Accepts 1 X Clock and Up To 4 Different 
32X Baud Rate Clock Inputs 

Up to 47% Distortion Allowance With 32X 
Clock 

□ SYSTEM COMPATIBILITY 

Double Buffering of Data 

8-Bit Bi-Directional Bus For Data, Status, 

and Control Words 
All Inputs and Outputs TTL Compatible 
Up To 32 ASTROS Can Be Addressed 

On Bus 
On-Line Diagnostic Capability 

□ ERROR DETECTION 

Parity, Overrun and Framing 



□ 



□ 



□ 



PIN CONFIGURATION 


l 








Vbb[ 


1 40 


] Vdd 


lACKIt 


2 39 


] RE 


H 


CSC 


3 38 


] CA (HT5) 


^^ 


WEt 


4 37 


] BA (TSO) 




lACKOt 


5 36 


] CB (CT5") 




RPLY[ 


6 35 


] DB (1XTC) 




INTRC 


7 34 


] DD (1XRC) 




dalgJc 


8 33 


] R4 




DAL1C 


9 | 1 32 


] R3 




DAL2C 


10 31 


] R2 




DAT3"C 


11 30 


1 R1 




DAL4C 


12 ' ' 29 


1 C? (£A"RR) 




DAL5C 


13 28 


] CC (D5R) 




DAT6T. 


14 27 


] BB (USD 




DAL7C 


15 26 


] ID3 




(DTE} CDC 


16 25 


3 ID4 




[En 


17 24 


1 ID5 




(RTNS) cec 


18 23 


] MR 




MISCC 


19 22 


) ID6 




<V„) GND[ 


20 21 


] Vcc 












COPLAMOS® n-Channel Silicon 




Gate Technology 




Pin for Pin replacement for 




Western Digital UC1671 and 




National INS 1671 




Baud Rate Clocks Generated by 




COM5036@1Xand 




COM5016-6@32X 







APPLICATIONS 

Synchronous Communications 
Asynchronous Communications 
Serial/Parallel Communications 



General Description 

The COM1671 (ASTRO) is a MOS/LSI device which performs the functions of interfacing a serial data communication 
channel to a parallel digital system. The device is capable of full duplex communications (receiving and transmitting) with 
synchronous or asynchronous systems. The ASTRO is designed to operate on a multiplexed bus with other bus-oriented 
devices. Its operation is programmed by a processor or controller via the bus and all parallel data transfers with these 
machines are accomplished over the bus lines. 

The ASTRO contains several "handshaking" signals to insure easy interfacing with modems or other peripheral devices 
such as display terminals. In addition, a programmable diagnostic mode allows the selection of an internal looping feature 
which allows the device to be internally connected for processor testing. 

The C0M1671 provides the system communication designer with a software responsive device capable of handling 
complex communication formats in a variety of system applications. 
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Organization 

Data Access Lines — The DAL bus is an 8-bit bi-directional port over which all address, data, control, and status 
transfers occur. In addition to transferring data and control words the DAL bus also transfers information 
related to addressing of the device, reading and writing requests, and interrupting information. 

Receiver Buffer — This 8-bit parallel register presents assembled received characters to the DAL bus when 
requested through a Read operation. 

Receiver Register — This 8-bit shift register inputs the received data at a clock rate determined by Control 
Register 2. The incoming data is assembled to the selected character length and then transferred to the 
Receiver Buffer with logic zeroes filling out any unused high-order bit positions. 

Syn Register — This 8-bit register is loaded from the DAL busby a Write operation and holds the synchronization 
code used for receiver character synchronization. It serves as a fill character when no new data is available 
in the Transmitter Buffer during transmission. This register cannot be read onto the DAL bus. It must be loaded 
with logic zeroes in all unused high-order bits. 

Comparator — The 8-bit comparator is used in the Synchronous mode to compare the assembled contents of 
the Receiver Register and the SYN register or the DLE register. A match between the registers sets up 
stripping of the received character, when programmed, by preventing the data from being loaded into the 
Receiver Buffer. A bit in the Status Register is set when stripping is effected. The comparator output also enables 
character synchronization of the Receiver on two successive matches with the SYN register. 

DLE Register — This 8-bit register is loaded from the DAL bus by a Write operation and holds the DLE character 
used in the Transparent mode of operation in which an idle transmit period is filled with the combination 
DLE-SYN pair of characters rather than a single SYN character. In addition the ASTRO may be programmed to 
force a single DLE character prior to any data character transmission while in the transmitter transparent mode. 

Status Register — This 8-bit register holds information on communication errors, interface data register status, 
match character conditions, and communication equipment status. This register may be read onto the DAL bus 
by a Read operation. 

Control Registers — There are two 8-bit Control Registers which hold device programming signals such as mode 
selection, clock selection, interface signal control, and data format. Each of the Control Registers can be 
loaded from the DAL bus by a Write operation or read onto the DAL bus by a Read operation. The registers are 
cleared by a Master Reset. 

Transmitter Buffer — This 8-bit parallel register holds data transferred from the DAL bus by a Write operation. 
This data is transferred to the Transmitter Register when the transmitter section is enabled and the Transmitter 
Register is ready to send new data. 

Transmitter Register — This 8-bit shift register is loaded from the Transmitter Buffer, SYN register, or DLE 
register. The purpose of this register is to serialize data and present it to the serial data output. 



44 



Astro Operation 



Asynchronous Mode 

Framing of asynchronous characters is provided by a Start bit (logic 0) at the beginning of a character 
and a Stop bit(s) (logic 1 ) at the end of a character. Reception of a character is initiated on recognition 
of the first Start bit by a positive transition of the receiver clock, after a preceding Stop bit(s). The Start 
and Stop bits are stripped off while assembling the serial input into a parallel character. 

The character assembly is completed by the reception of the Stop bit(s) after reception of the last 
character bit (including the parity bit, if selected). If the Stop bit(s) is a logic 1 , the character is 
determined to have correct framing and the ASTRO is prepared to receive the next character. If the Stop 
bit(s) is a logic 0, the Framing Error Status flag is set and the Receiver assumes this bit to be the Start 
bit of the next character. Character assembly continues from this point if the input is still a logic when 
sampled at the theoretical center of the assumed Start bit. As long as the Receiver input is spacing, all 
zero characters are assembled and error flags and data received interrupts are generated so that line 
breaks can be determined. After a character of all zeroes is assembled along with a zero in the Stop 
bit(s) location, the first sampled logic one is determined as a Stop bit and this resets the Receiver 
circuit to a Ready state for assembly of the next character. 

In the Asynchronous mode the character transmission occurs when information contained in the 
Transmitter Buffer is transferred to the Transmitter Register. Transmission is initiated by the insertion 
of a Start bit, followed by the serial output of the character (including the parity bit, if selected), then the 
insertion of a 1 , 1 .5, or 2 bit length Stop condition. If the Transmitter Buffer is full, the next character 
transmission starts afterthe transmission of the Stop bit(s) of the present character in the Transmitter 
Register. Otherwise, the Mark (logic 1 ) condition is continually transmitted until the Transmitter 
Buffer is loaded. 



Synchronous Mode 

Framing of characters is carried out by a special Synchronization Character Code (SYN) transmitted 
at the beginning of a block of characters. The Receiver, when enabled, searches for two contiguous 
characters matching the bit pattern contained in the SYN register. During the time the Receiver is 
searching, data is not transferred to the Receiver Buffer, status bits are not updated, and the Receiver 
interrupt is not activated. After the detection of the first SYN character, the Receiver assembles 
subsequent bits into characters whose length is determined by the contents of Control Register 2. If, 
after the first SYN character detection, a second SYN character is present, the Receiver enters the 
Synchronization mode until the Receiver Enable Bit is turned off. If a second successive SYN character 
is not found, the Receiver reverts back to the Search mode. 

In the Synchronous mode a continuous stream of characters are transmitted once the Transmitter 
is enabled. If the Transmitter Buffer is not loaded at the time the Transmitter Register has completed 
transmission of a character, this idle time will be filled by a transmission of the character contained in 
the SYN register in the Non-transparent mode, or the characters contained in the DLE and SYN registers 
respectively while in the Transparent mode of operation. 
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Astro Operation 
Receiver 

The Receiver Data input is clocked into the Receiver Register by a 1X Receiver Clock from a modem 
Data Set, or by a local 32X bit rate clock selected from one of four externally supplied clock-inputs. 
When using the 1X clock, the Receiver Data is sampled on the positive transition of the clock in both 
the Asynchronous and Synchronous modes. When using a 32X clock in the Asynchronous mode, the 
Receiver Sampling Clock is phased to the Mark-To-Space transition of the Received Data Start bit and 
defines, through clock counts, the center of each received Data bit with + 0% , —3% at the positive 
transition 16 clock periods later. 

In the Synchronous mode the Sampling Clock is phased to all Mark-To-Space transitions of the 
Received Data inputs when using a 32X clock. Each transition of the data causes an incremental 
correction of the Sampling Check by 1 /32nd of a bit period. The Sampling clock can be immediately 
phased to every Mark-To-Space Data transition by setting Bit 4 of Control Register 1 to a logic one, 
while the Receiver is disabled. 

When the complete character has been shifted into the Receiver Register it is transferred to the 
Receiver Buffer; the unused, higher order bits are filled with logic zero's. At this time the Receiver 
Status bits (Framing Error/Sync Detect, Parity Error/DLE Detect, Overrun Error, and Data Received) 
are updated in the Status Register and the Data Received interrupt is activated. Parity Error is set, if 
encountered while the Receiver parity check is enabled in the Control Registers. Overrun Error is 
set if the Data Received status bit is not cleared through a Read operation by an external device when 
a new character is transferred to the Receiver Buffer. This error flag indicates that a character has 
been lost; new data is lost while the old data and its status flags are saved. 

The characters assembled in the Receiver Register that match the content of the SYN or the 
DLE register are not loaded into the Receiver Buffer,and the DR interrupt is not generated, if Bit 3 of 
Control Register 2 (CR23) or Bit 4 of Control Register 1 (CR1 4) are set respectively, and SYN Detect and 
DLE Detect are set with the next non SYN or non DLE character. When both CR23 and CR14 are set 
(Transparent mode), the DLE-SYN combination is stripped. The SYN comparison occurs only with the 
character received after the DLE character. If two successive DLE characters are received only the 
first DLE character is stripped. No parity check is made while in this mode. 

Transmitter 

Information is transferred to the Transmitter Buffer by a Write operation. Information can be loaded 
into this register at any time, even when the Transmitter is not enabled. Transmi ssion of data oc curs 
only when the Request to Send bit is set to a logic 1 in Control Register 1 and the Clear To Send input is 
logic 0. Information is normally transferred from the Transmitter Buffer to the Transmitter Register 
when the latter has completed transmission of a character. However, information in the DLE register 
may be transferred prior to the information contained in the Transmitter Buffer if the Force DLE signal 
condition is enabled (Bits 5 and 6 of Control Register 1 set to a logic 1). The control bit CR15 must be 
set prior to loading of a new character in the Transmitter Buffer to insure forcing the DLE character 
prior to transmission of the data character. The Transmitter Register output passes through a flip-flop 
which delays the output by one clock period. When using the 1X clock generated by the Modem Data 
Set, the output data changes state on the negative clock transition and the delay is one bit period. 
When using a local 32X clock the the transmitter section selects one of the four selected rate inputs and 
divides the clock down to the baud rate. This clock is phased to the Transmitter Buffer Empty Flag 
such that transmission of characters occurs within two clock times of the loading of the Transmitter 
Buffer, when the Transmitter Register is empty. 

When the Transmitter is enabled, a Transmitter interrupt is generated each time the Transmitter 
Buffer is empty. If the Transmitter Buffer is empty, when the Transmitter Register is ready for a new 
character, the Transmitter enters an idle state. During this idle time a logic 1 will be presented to the 
Transmitted Data output in the Asynchronous mode or the contents of the SYN register will be 
presented in the Synchronous Non-transparent mode (CR1 6 = 0). In the Synchronous Transmit 
Transparent mode (CR1 6 = 1), the idle state will be filled by DLE-SYN character transmission in that 
order. When entering the Transparent mode DLE must precede the contents of the Transmitter Buffer. 
This is accomplished by setting of Bit 5 of Control Register 1 . 

If the transmitter section is disabled by a reset of the Request to Send, any partially transmit ted 
characte r is completed before the transmitter section of the ASTRO is disabled. As soon as the Clear 
To Send goes high the transmitted data output will go high. 

When theTransmitter parity is enabled, the selected Odd or Even parity bit is inserted into the last 
data bit of the character in place of the last bit of the Transmitter Register. This limits transfer of 
character information to a maximum of seven bits plus parity or eight bits without parity. Parity cannot 
be enabled in the Synchronous Transparency mode. 
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Input/Output Operations 

All Data, Control, and Status words are transferred over the Data Access Lines (DAL 0-7). Additional input 
lines provide controls for addressing a particular ASTRO, and regulating all input and output operations. Other 
lines provide interrupt capability to indicate to a Controller that an input operation is requested by the ASTRO. 
All input/output terminology below is referenced to the Controller so that a Read or input takes data from the 
ASTRO and places it on the DAL bus, while a Write or Output places data from the DAL bus into the ASTRO. 

A Read or Write o peration is i nitiated by the placement of an eight-bit address on the DAL bus by the 
Controller. When the Chip Select signal goes to a logic state, the ASTRO compares Bits 7-3 of the DAL bus 
with its hard -wired ID code (Pins 17, 22, 24, 25, and 26) and becomes selected on a Match condition. The ASTRO 
then sets its RPLY line low to acknowledge its readiness to transfer data . Bit must be a logic in Read or 
Write operation. A setup time must exist between CS and the RE or WE signals to allow chip selection prior to 
read/write operations. 

Read 

Bits 2-0 of the address are used to select ASTRO registers to read from as follows: 

Bits 2-0 Selected Register 

000 Control Register 1 

010 Control Register 2 

100 Status Register 

110 Receiver Buffer 



When the Read Enable (RE) line is set to a logic condition by the Controller the ASTRO gates the contents 
of the address ed register o nto t he DAL bus. T he Read operation terminates, and the device becomes unselected, 
when both the Chip Select and Read Enable return to a logic 1 condition. Reading of the Receiver Buffer clears 
the Data Received Status bit. The data is removed from the DAL bus when the RE signal returns to the logic 
high state. 

Write 

Bits 2-0 of the address are used to select ASTRO registers to be written into as follows: 

Bits 2-0 Selected Register 

000 Control Register 1 

010 Control Register 2 

100 SYN and DLE Register 

110 Transmitter Buffer 



When the Write Enable (WE) line is set to a logic condition by the Controller the ASTRO gates the data 
from the DAL bus into the addressed register. If data is written into the Transmitter Buffer, the TBMT Status bit 
is cleared to a logic zero. 

The 100 address loads both the SYN and DLE registers. After writing into the SYN register the device is 
conditioned to write into the DLE if followed by another Write pulse with the 100 address. Any intervening 
Read or Write operation with other addresses or other ASTROs resets this condition such that the next 100 will 
address the SYN register. 

Interrupts 
The following conditions generate interrupts: 

Data Received (DR) 
Indicates transfer of a new character to the Receiver Buffer while the Receiver is enabled. 

Transmitter Buffer Empty (TBMT) 
Indicates that the Transmitter Buffer is empty while the Transmitter is enabled. The first interrupt occurs when 
the Transmitter becomes enabled if there is an empty Transmitter Buffer, or after the character is transferred 
to the Transmitter Register making the Transmitter Buffer empty. 

Carrie r On 

Indicates Carrier Detector input goes low and the Data Terminal Ready (DTR) bit (CR10) is high. 

Carrie r Off 

Indicates Carrier Detector input goes high and the Data Terminal Ready (DTR) bit (CR10) is high. 

Data Set ReadyOn 
Indicates the Data Set Ready input goes low and the Data Terminal Ready (DTR) bit (CR10) is high. 

Data Set Ready Off 
Indicates the Data Set Ready input goes high and the Data Terminal Ready (DTR) bit (CR10) is high. 

Ring On ______^_ 

Indicates the Ring Indicator input goes low an d the D ata Terminal Ready (DTR) bit (CR1 0) is low. 

Each time an interrupt condition exists the INTR output from the ASTRO is made a logic low. The following 
interrupt procedure is then carried out even if the interrupt condition is removed. 

The Controller acknowl edges the Interrupt request by setting the Chip Select (CS) and the Interrupt 
Ac knowle dge Input (IAC KI) to the ASTRO to a low state. On this transition all non-interrupting devices receiving 

the IACKI signal set their Interrupt Acknowledge Output (IACKO) low, enabling lower priority daisy-chained 

devices to respond to the interrupt request. The highest priority device that is interrupting will then set its RPLY 
line low. This device will place its ID code on Bit Positions 7-3 of the DAL bus when a low R~E signal is received. 
The data is removed fr om the DAL bus wh en th e Re ad Ena bie"(RE) signal returns to the logic one state. To reset 
the Interrupt condition (INTR) Chip Select (CS) and IACKI must be received by the ASTRO. 
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Pin No. Symbol 



Description of Pin Functions 
Pin Name I/O Function 



1 


V BB 


POWER SUPPLY 


PS 


- 5 Volts 


21 


V cc 


POWER SUPPLY 


PS 


+ 5 Volts 


40 


v DD 


POWER SUPPLY 


PS 


+ 12 Volts 


20 


V ss 


GROUND 


GND 


Ground 



23 


MR 


MASTER RESET 


8- 
15 


DAL0- 
DAL7 

ID7 
ID6 
ID5 
ID4 
ID3 


DATA ACCESS LINES 


17 
22 
24 
25 
26 


SELECT CODE 



CS CHIP SELECT 



I The Control and Status Registers and other controls 

are cleared when this input is low. 

I/O Eight-bit bi-directional bus used for transfer of data, 
control status, and address information. 

I Five input pins which when hard-wired assign the 

I device a unique identification code used to select 

I the device when addressing and used as an 

I identification when responding to interrupts. 



The low logic transition of CS identifies a valid 
address on the DAL bus during Read and Write 
operations. 
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RE READ ENABLE I 



This input, when low, gates the contents of the 
addressed register from a selected ASTRO onto 
the DAL bus. 



WE WRITE ENABLE I 



This input, when low, gates the contents of the DAL 
bus into the addressed register of a selected 
ASTRO. 



INTR INTERRUPT 



This open drain output, to facilitate WIRE-ORing, 
goes low when any interrupt conditions 
occur. 



IACKI INTERRUPT 



ACKNOWLEDGE IN 



When the Controller (determining the interrupting 
ASTRO) makes this input low, the ASTRO places 
its ID code on the DAL bus and s ets rep ly low if it is 
interrupting, otherwise it makes IACKO a low. 



IACKO INTERRUPT 



ACKNOWLEDGE OUT 



This output goes low in response to a low IACKI if 
the ASTRO is not the interrupting device. 



RPLY REPLY 



This open drain output, to facilitate WIRE-ORing, 
goes low when the ASTRO is responding to being 
selected by an address on the DAL bus or in 
affirming that it is the interrupting source. 
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Pin No. Symbol 



Description of Pin Functions 
Pin Name I/O Function 



30 


R1 


CLOCK RATES 


31 


R2 




32 


R3 




33 


R4 





These four inputs accept four different local 32X 
data rate Transmit and Receive clocks. The input on 
R4 may be divided down into a 32X clock from a 
32X, 64X, 1 28X, or 256X clock input. The clock used 
in the ASTRO is selected by bits 0-2 of Control 
Register 2. 



37 



BA 



TRANSMITTED DATA O 



This output is the transmitted serial data from the 
ASTRO. This output is held in a Marking condition 
when the transmitter section is not enabled. 



27 BB RECEIVED DATA 



38 CA REQUEST TO SEND O 



This input receives serial data into the ASTRO. 

This output is enabled by bit 1 of Control Register 1 
and remains in a low state during transmitted data 
from the ASTRO. 



36 CB CLEAR TO SEND I 



This input, when low, enables the transmitter 
section of the ASTRO. 



28 CC DATA SET READY I 



This input generates an interrupt when going ON or 
OFF while the Data Terminal Ready signal is ON. 
It appears as bit 6 in the Status Register. 



16 CD 



DATA TERMINAL 



READY 



This output is generated by bit in Control Register 
1 and indicates Controller readiness. 



18 CE 



RING INDICATOR 



This input from the Data Set generates an interrupt 
when made low with Data Terminal Ready in the 
OFF condition. 



29 CF 



CARRIER DETECTOR I 



This input from the Data Set generates an interrupt 
when going ON or OFF if Data Terminal Ready is 
ON. It appears as bit 5 in the Status Register. 



35 DB 



TRANSM ITTER I 

TIMING 



This input is the Transmitter 1X Data Rate Clock. 
Its use is selected by bits 0-2 of Control Register 2. 
The transmitted data changes on the negative 
transition of this signal. 



34 DD RECEIVER TIMING I 



This input is the Receiver 1 X Data Rate Clock. Its 
use is selected by bits 0-2 of Control Register 2. The 
Received Data is sampled by the ASTRO on the 
positive transition of this signal. 



19 MISC MISCELLANEOUS O 



This output is controlled by bits 4 and 5 of Control 
Register 1 and is used as an extra programmable 
signal. 
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Device Programming 

The two 8-bit Control Registers of the ASTRO determine the operative conditions of the ASTRO chip. 

Control Register 1 



SYNC/ASYNC 



- LOOP 

MODE 

1 - NORMAL 

MODE 



ASYNC 

- NONBREAK 

MODE 

1 - BREAK MODE 

TX 

SYNC 

0- TRANSMITTER 
NON TRANS- 
PARENT MODE 

1 -TRANSMITTER 
TRANSPARENT 
MODE 



ASYNC (TRANS, ENABLED) 

0-1V2 or 2 STOP BIT 

SELECTION 
1 -SINGLE STOP BIT 

SELECTION 

ASYNC (TRANS. DISABLED) 



0-MTSCOUT = 1 
1 -ffilSC"OUT = 



SYNC (CR1 6 = 0) 



- NO PARITY 

GENERATED 

1 -TRANSMIT PARITY 

ENABLED 

SYNC(CR16 = 1) 



- NO FORCE DLE 

1 - FORCE DLE 



0-NON ECHO MODE 
1 - AUTO ECHO MODE 

SYNC (CR12 = 1) 

0- DLE STRIPPING 
NOT ENABLED 

1 -DLE STRIPPING 
ENABLED 

SYNC(CR12 = 0) 

0-MlSC~0UT = 1 
1 -MlSCOUT = 



ASYNC 

- NO PARITY ENABLED 

1 - PARITY CHECK 

ENABLED ON 
RECEIVERAND 
PARITY GENERATION 
ENABLED ON 
TRANSMITTER 

SYNC 

- RECEIVER PARITY 

CHECK IS DISABLED 

1 - RECEIVER PARITY 

CHECK IS ENABLED 



SYNC/ASYNC 

0- RECEIVER 
DISABLED 

1 -RECEIVER 
ENABLED 



SYNC/ASYNC 



- SETS RTS 

OUT = 1 

1 - SETS RTS 

OUT = 



■ SETS DTR 
OUT=_1_ 

■ SETS DTR 
OUT = 



BitO 

Controls the Data Terminal Ready output on Pin 16 to control the CD circuit of the Data Set. 

A logic 1 enables the Carrier and Data Set Ready interrupts. A logic enables only the telephone line 

Ring interrupt. The DTR output is inverted from the state of CR10. 



Bit 1 

Controls the Request to Send output on Pin 38 to control the CA circui t of the Data S et. The RTS output 
is inverted from the state of CR1 1 . A logic 1 combined with a low logic Clear to Send input enables 
the Transmitter and a llows TBMT inte rrupts to be generated. A logic disables the Transmitter and 
turns off the external Request to Send signal. Any character in t heTransmitter Re gister will be 
completely transmitted before the Transmitter is turned off. The Request to Send output may be used 
for other functions such as Make Busy on 1 03 Data Sets. 



Bit 2 

A logic 1 enables the ASTRO to receive data into the Receiver Buffer, update Receiver Status 

Bits 1 , 2, 3, and 4, and to generate Data Received interrupts. A logic disables the Receiver and clears 

the Receiver Status bits. 

Bit 3 

Asynchronous Mode 

A logic 1 enables check of parity on received characters and generation of parity for transmitted 
characters. 

Synchronous Mode 

A logic 1 bit enables check of parity on received characters only. Note: Transmitter parity enable is 
controlled by CR15. 



50 



Asynchronous Mode 

A logic 1 enables the Automatic Echo mode when the receiver section is enabled. In this 
mode the clocked regenerated data is presented to the Transmitter Data output in place of normal 
transmission through the Transmitter Register. This serial method of echoing does not present any 
abnormal restrictions on the transmit speed of the terminal. Only the first character of a Break 
condition of all zeroes (null character) is echoed when a Line Break condition is detected. For all 
subsequent null characters, with logic zero Stop bits, a steady Marking condition is transmitted until 
normal character reception resumes. Echoing does not start until a character has been received and the 
Transmitter is idle. The Transmitter does not have to be enabled during the Echo mode. 

Synchronous Mode 

A logic 1 , with the Receiver enabled does not allow assembled Receiver data matching the DLE 
register contents to be transferred to the Receiver Buffer; also, parity checking is disabled. 
When the Receiver is not enabled this bit controls the Miscellaneous output on Pin 19, which may be 
used for New Sync on a 201 Data Set. When operating with a 32X clock and a disabled Receiver, a logic 
1 on this bit also causes the Receiver timing to synchronize on Mark-To-Space transitions. 

Asynchronous Mode 

A logic 1 , with the Transmitter enabled, causes a single Stop bit to be transmitted. A logic causes 
transmission of 2 stop bits for character lengths of 6, 7, or 8 bits and one-and-a-half Stop bits for a 
character length of 5 bits. 

With the Transmitter disabled this bit controls the Miscellaneous output on Pin 1 9, which may be used 
for Make Busy on 103 Data Sets, Secondary Transmit on 202 Data Sets, or dialing on CBS Data Couplers. 

Synchronous Mode 

A logic 1 combined with a logic on Bit 6 of Control Register 1 enables Transmit parity; if CR1 5=0 or 
CR1 6=1 no parity is generated. When set to a logic 1 with Bit 6 also a logic 1 , the contents of the DLE 
register are transmitted prior to the next character loaded in the Transmitter Buffer as part of the 
Transmitter Transparent mode. 

Asynchronous Mode 

A logic 1 holds the Transmitted Data output in a Spacing (Logic 0) condition, starting at the end of any 
current transmitted character, when the Transmitter is enabled. Normal Transmitter timing continues 
so that this Break condition can be timed out after the loading of new characters into the Transmitter Buffer. 

Synchronous Mode 

A logic 1 conditions the Transmitter to a transparent transmission which implies that idle transmitter 
time will be filled by DLE-SYN character transmission and a DLE character can be forced ahead of any 
character in the Transmitter Buffer (Bit 5 above). When forcing DLE transmission, Bit 5 should be set to 
a logic 1 prior to loading the Transmitter Buffer, otherwise the character in the latter register may be 
transferred to the Transmitter Register prior to sending the DLE character. 

Bit 7 

A logic configures the ASTRO into an Internal Data and Control Loop mode and disables the 
Ring interrupt. In this diagnostic mode the following loops are connected internally: 

a. The Transmit Data is connected to the Receive Data with the BA pin held in a Mark condition and 
the input to the BB pin disregarded. 

b. With a 1 X clock selected, the Transmitter Clock also becomes the Receive Clock. 



c. The Data Terminal Ready (DTR ) Control bit is connected to the Data Set Ready (DSR) in put, w ith 
the Data Terminal Ready (DSR) output pin held in an OFF condition (logic high), and the DSR input 
pin is disregarded. 



d. The Request to Send Control bit i s conn ected to the Clear To Send (CTS) and Carrier Detector ( CF) 
inpu ts, with the Requ est To Send (RTS) output pin held in an OFF condition (logic high), and the CTS 
and Carrier Detector input pins are disregarded. 



e. The Miscellaneous pin is held in an OFF (logic high) condition. 

A logic 1 on Bit 7 enables the Ring interrupt and returns the ASTRO to the normal full duplex 
configuration. 
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Control Register 2 

Control Register 2, unlike Control Register 1, cannot be changed at any time. This register should be 
changed only while both the receiver and transmitter sections of the ASTRO are in the idle state. 



BIT 7 6 


5 


4 


3 


2 10 


SYNC/ASYNC 


MODE SELECT 


SYNC/ASYNC 


ASYNC 


SYNC/ASYNC 




CHARACTER LENGTH SELECT 

00 = 8 BITS 

01 =7 BITS 
10 = 6 BITS 
11=5 BITS 


- ASYNCHRONOUS 

MODE 

1 - SYNCHRONOUS 

MODE 


0-EVEN PARITY 

SELECT 
1 - ODD PARITY 

SELECT 


0- RECEIVER CLK = 

RATE 1 
1 - RECEIVER CLOCK 

DETERMINED BY 

BITS 2-0 

SYNC (CR16 = 0) 

- NO SYN STRIP 

1 -SYN STRIP 

SYNC (CR16 = 1) 

- NO DLE-SYN STRIP 

1 - DLE-SYN STRIP 


CLOCK SELECT 

000 - 1X CLOCK 

001 - RATE 1 CLOCK 
010- RATE 2 CLOCK 
011 -RATE 3 CLOCK 
100 -RATE 4 CLOCK 
101 -RATE 4 CLOCK - 
110- RATE 4 CLOCK 
111 - RATE 4 CLOCK - 


- 2 

- 4 

- 8 



Bits 0-2 

These bits select the Tranmit and Receive clocks. 



Bits 


Clock Source 


2 1 O 


Tx 


Rx 


OOO 


1X Clock (Pin 35) 


1X Clock (Pin 34) 


1 


Ratel 32X clock (Pin 30) 


1 


Rate 2 32X clock (Pin 31) * 


1 1 


Rate 3 32X clock (Pin 32) * 


1 


Rate 4 32X clock (Pin 33) * ' 


1 1 


Rate 4 32X clock (Pin 33) (-s-2) *+ 


110 


Rate 4 32X clock (Pin 33) (-5-4) *t 


1 1 1 


Rate 4 32X clock (Pin 33) (h-8) *t 



NOTES: 

*Rx clock is modified by bit 3 in the asynchronous mode. 

tRate 4 is internally dividable so that the required 32X clock may be derived from an applied 64X, 128X, or 256X clock 
which may be available. 

Bits 3 

Asynchronous Mode 

A logic selects the Rate 1 32X clock input (Pin 30) as the Receiver clock rate and a logic 1 selects the 
same clock rate for the Receiver as selected by Bits 2-0 for the Transmitter. This bit must be a logic 1 
for the 1X clock selection by Bits 2-0. 

Synchronous Mode 

A logic 1 causes all DLE-SYN combination characters in the Transparent mode when DLE strip (CR14) 
is a logic 1 , or all SYN characters in the Non-transparent mode to be stripped out and no Data Received 
interrupt to be generated. The SYN Detect status bit is set with reception of the next assembled 
character as is transferred to the Receiver Buffer. 

Bit 4 

A logic 1 selects odd parity and a logic selects even parity, when parity is enabled by CR13 
and/orCR15. 

Bit 5 

A logic 1 selects the Synchronous Character mode. A logic selects the Asynchronous Character mode. 

Bits 6-7 

These bits select the full character length (including parity, if selected) as shown above. When parity is 
enabled it must be considered as a bit when making character length selection (5 bits plus parity = 6 bits). 
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Status Register 

The data contained in the Status Register define Receiver and Transmitter data conditions and 
status of the Data Set. 
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6 


5 


4 


3 


2 


1 





• Data 


• Data 


• Carrier 


• Framing 


• DLE 


• Overrun 


• Data 


• Transmitter 


Set 


Set 


Detector 


Error 


Detect 


Error 


Received 


Buffer 


Change 


Ready 




• Syn 


• Parity 




(DR) 


Empty 




(DSR) 




Detect 


Error 






(TBMT) 



BitO 

A logic 1 indicates that the Transmitter Buffer may be loaded with new data. It is set to a logic 1 

when the contents of the Transmitter Buffer is transferred to the Transmitter Register. It is cleared when 

the Transmitter Buffer is loaded from the DAL bus, or when the Transmitter is disabled. 

Bit 1 

A logic 1 indicates that an entire character has been received and transferred into the Receiver 
Buffer. It is cleared when the Receiver Buffer is read onto the DAL bus, or the Receiver is disabled. 

Bit 2 

A logic 1 indicates an Overrun error which occurs if the previous character in the Receiver 
Buffer has not been read and Data Received is not reset, at the time a new character is to be transferred 
to the Receiver Buffer. This bit is cleared when no Overrun condition is detected (the next character 
transfertime) or when the Receiver is disabled. 

Bit 3 

When the DLE Strip is enabled (CR14) the Receiver parity check is disabled and this bit is set to a logic 1 
if the previous character to the presently assembled character matched the contents of the DLE 
register; otherwise it is cleared. The DLE DET remains for one character time and is reset on the next 
character transfer or on a Status Register Read. If DLE Strip is not enabled this bit is set to a logic 1 
when the Receiver is enabled, Receiver parity (CR1 3) is also enabled, and the last received character 
has a Parity error. A logic on this bit indicates correct parity. This bit is cleared in both modes when 
the Receiver is disabled. 

Bit 4 

Asynchronous Mode 

A logic 1 indicates that the received data did not have a valid stop bit, while the Receiver was enabled, 
which indicates a Framing error. This bit is set to a logic if the stop bit (logic 1) was detected. 

Synchronous Mode 

A logic 1 indicates that the contents of the Receiver Register matches the contents of the SYN Register. 
The condition of this bit remains for a full character assembly time. If SYN strip (CR23) is enabled this 
status bit is updated with the character received after the SYN character. 

In both modes the bit is cleared when the Receiver is disabled. 
Bit 5 



This bit is the logic complement of the Carrier Detector input on Pin 29. 
Bit 6 



This bit is the logic complement of the Data Set Ready input on Pin 28. With 202-type Data Sets 
it can be used for Secondary Receive. 

Bit 7 



This bit is set to a logic 1 whenever there is a change in stat e of the Data S et Ready or Carrier Detector 
inputs while Data Terminal Ready (CR10) is a logic 1 or the Ring Indicator is turned ON, with DTR a 
logic 0. This bit is cleared when the Status Register is read onto the DAL bus. 
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Flowchart Receiver Operations 
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MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range 0°C to + 70°C 

Storage Temperature Range -55°C to +150°C 

Lead Temperature (soldering, 10 sec.) +325°C 

Positive Voltage on any Pin, with respect to ground + 18.0V 

Negative Voltage on any Pin, with respect to ground —0.3V 

'Stresses above those listed may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 

ELECTRICAL CHARACTERISTICS 

(T A = o Cto70 o C,V cc =+5V±5%,V DD =+12V±5%,V BB = -5V±5%, V ss =0V, unless otherwise noted) 



Parameter 



Min 



Typ. 



Max. 



Unit 



Comments 



D.C. Characteristics 

INPUT VOLTAGE LEVELS 

Low Level, V, L 

High Level, V, H 

OUTPUT VOLTAGE LEVELS 

Low Level, V 0L 

High Level, V 0H 
INPUT LEAKAGE 

Data Bus 

All others 
POWER SUPPLY CURRENT 

'cc 

Inn 



2.4 



2.4 





0.8 


V 
V 




0.4 




V 


l 0L = 1.6ma 
l OH = 100/xa 


5.0 


10.0 


fxSi 


0^V IN ^5v 


5.0 


10.0 


M a 


V m =+12v 




80.0 


ma 






10.0 


ma 






1.0 


ma 





A.C. Characteristics 




CLOCK-RCP.TCP 




frequency 






DAL Bus 






T AS 


Address Set-Up Time 





Tah 


Address Hold Time 


150 


■ ARL 


Address to RPLY Delay 




Tcs 


CS Width 


250 


TcSRLF 


CS to Reply OFF Relay 





Read 






Tare 


Address and RE Spacing 


250 


•recsh 


RE and CS Overlap 


20 


Trecs 


RE to CS Spacing 


250 


Tred 


RE to Data Out Delay 




Write 






•awe 


Address to WE Spacing 


250 


Ty/ECSH 


WE and CS Overlap 


20 


Twe 


WE Width 


200 


Tds 


Data Set-Up Time 


150 


T"dh 


Data Hold Time 


100 


' WECS 


WE to CS Spacing 


250 


Interrupt 






•csi 


CS to IACKI Delay 





TcSRE 


CS to RE Delay 


250 


TcSREH 


CS and RE Overlap 


20 


Trecs 


RE to CS Spacing 


250 


Tp, 


IACKI Pulse Width 


200 


• IAD 


IACKI to Valid ID Code Delay 




•red 


RE OFF to DAL Open Delay 




MARL 


IACKI to RPLY Delay 




•cSRLF 


CS to RPLY OFF Delay 





T|| 


IACKI to IACKO Delay 




Trei 


RE OFF to IACKO OFF Delay 





1.0 



MHz 



= 25°C 





ns 






ns 




400 


ns 
ns 




250 


ns 

ns 
ns 
ns 


R L = 2.7Kn 


180 


ns 

ns 
ns 


C L = 20pf 


1000 


ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 
ns 




250 


ns 


See Note 1, 


180 


ns 




250 


ns 


See Note 1 


250 


ns 


R L = 2.7Kfi 


200 


ns 




250 


ns 





Note 1 : If RE goes low after IACKI goes low, the delay will be from the falling edge of RE. 
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STANDARD MICROSYSTEMS 
CORPORATOR 




Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaserof the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATTOI^^^^= 



COM 1863 
COM 8018 

/UPC FAMILY 



Universal Asynchronous Receiver/Transmitter 

UART 



FEATURES 

D Compatible with TR1863 timing 

□ High accuracy 32X clock mode: 48.4375% Receiver Distortion 
Immunity and improved RDA/ROR operation (COM 8018 only) 

□ High Speed Operation— 62. 5K baud, 200ns strobes 

□ Single +5V Power Supply 

D Direct TTL Compatibility— no interfacing circuits required 

□ Input pull-up options: COM 8018 has low current pull-up 
resistors; COM 1863 has no pull up resistors 

□ Full or Half Duplex Operation— can receive and transmit 
simultaneously at different baud rates 

□ Fully Double Buffered— eliminates need for precise external 
timing 

□ Improved Start Bit Verification— decreases error rate 

□ 46.875% Receiver Distortion Immunity 

□ Fully Programmable— data word length; parity mode; number 
of stop bits: one, one and one-half, or two 

□ Master Reset— Resets all status outputs and Receiver Buffer 
Register 

□ Three State Outputs— bus structure oriented 

□ Low Power — minimum power requirements 

□ Input Protected— eliminates handling problems 

□ Ceramic or Plastic DIP Package— easy board insertion 

□' Baud Rates available from SMC's COM 8046, COM 8116, 
COM 8126, COM 8136, COM 8146 baud rate generators 



GENERAL DESCRIPTION 

The Universal Asynchronous Receiver/Transmitter is an 
MOS/LSI monolithic circuit that performs all the receiving and 
transmitting functions associated with asynchronous data 
communications. This circuit is fabricated using SMC's 
patented COPLAMOS® technology and employs depletion 
mode loads, allowing operation from a single +5V supply. The 
duplex mode, baud rate, data word length, parity mode, and 
number of stop bits are independently programmable through 
the use of external controls. There may be 5, 6, 7, or 8 data 
bits, odd/even or no parity, and 1 or 2 stop bits or 1 .5 stop bits 
when utilizing a 5-bit code. These programmable features 
provide the user with the ability to interface with all 
asynchronous peripherals. 



*lf pin 2 is taken to a logic 1 the COM 8018 will operate in a high 
accuracy mode. If pin 2 is connected to - 12V, GND, a valid logic 
zero, or left unconnected, the high accuracy feature is disabled, 
and the UART will operate in a 16X clock mode. Pin 2 is not con- 
nected on the COM 1863. 
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PIN CONFIGURATION 
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PACKAGE: 40-Pin 
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FUNCTIONAL BLOCK DIAGRAM 
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DESCRIPTION OF OPERATION — TRANSMITTER 



At start-up the power is turned on, a clock whose 
frequency is 16 or 32 times the desired baud rate is 
applied, and master reset is pulsed. Under these 
conditions TBMT, TEOC, and TSO are all at a high 
level (the line is marking). 

When TBMT and TEOC are high, the control bits 
may be set. After this has been done the data bits 
may be set. Normally, the control bits are strobed 
into the transmitter prior to the data bits. However, 
as long as mini mum pulse width specifications 
are not violated, TDS and CS may occur simulta- 
neously. Once the data strobe (TDS) has been 
pulsed, the TBMT signal goes low, indicating that 
the data bits buffer register is full and unavailable to 
receive new data. 

If the transmitter shift register is transmitting pre- 
viously loaded data the TBMT signal remains low. 
If the transmitter shift register is empty, or when it is 
through transmitting the previous character, the 
data in the buffer register is loaded immediately into 
the transmitter shift register and data transmission 



commences. TEOC goes low, TSO goes low (the 
start bit), and TBMT goes high indicating that the 
data in the data bits buffer register has been loaded 
into the transmitter shift register and that the data 
bits buffer register is available to be loaded with 
new data. 

If new data is loaded into the data bits buffer register 
at this time, TBMT goes lowand remains in this state 
until the present transmission is completed. One 
full character time is available for loading the next 
character with no loss in speed of transmission. This 
is an advantage of double buffering. 

Data transmission proceeds in an orderly manner: 
start bit, data bits, parity bit (if selected), and the 
stop bit(s). When the last stop bit has been on the 
line for one bit time TEOC goes high. If TBMT is 
low, transmission begins immediately. If TBMT is 
high the transmitter is completely at rest and, if 
desired, new control bits may be loaded priortothe 
next data transmission. 
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DESCRIPTION OF OPERATION — RECEIVER 



At start-up the power is turned on, a clock whose 
frequency is 16 or 32 times the desired baud rate is 
applied and master reset is pulsed. The data 
available (RDA) signal is now low. There is one set 
of control bits for both the receiver and transmitter. 

Data reception begins when the serial input line 
transitions for mark (high) to space (low). If the 
RSI line remains spacing for 15/32 to 17/32 bit 
times (in the 16X mode, HIACC = 0) or 31/64 to 



33/64 bit times (in the 32X mode, HIACC = 1), a 
genuine start bit is verified. Should the line return 
to a marking condition prior to a 1/2 bit time, the 
start bit verification process begins again. A mark 
to space transition must occur in order to initiate 
start bit verification. Once a start bit has been 
verified, data reception proceeds in an orderly 
manner: start bit verified and received, data bits 
received, parity bit received (if selected) and the 
stop bit(s) received. 
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If the received parity bit is incorrect, the parity 
error flip-flop of the status word buffer register is 
set high, indicating a parity error. However, if the 
no parity mode is selected, the parity error flip- 
flop is unconditionally held low, inhibiting a parity 
error indication. If a stop bit is not received, the 
framing error flip-flop is set high, indicating a fra- 
ming error. 

On the negative RCP edge preceding the stop-bit 
center sample, internal logic looks at the data 
available (RDA) signal. If, at th is instant, the RDA 
signal is high, or the RDAR signal is low, the 



receiver assumes that the previously received 
character has not been read out and the over-run 
flip-flop is set high. The only way the receiver is 
aware that data has been read out is by having the 
data available reset low. 

Subsequently the RDA output goes high indicating 
that all outputs are available to be examined. The 
receiver shift register is now available to begin re- 
ceiving the next character. Due to the double buf- 
fered receiver, a full character time is available to 
remove the received character. 
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DESCRIPTION OF PIN FUNCTIONS 



PIN NO. 


SYMBOL 


NAME 


FUNCTION 


1 


Vdd 


Power Supply 


+5 volt Supply 


2 


HIACC 


High Accuracy 
Mode 


Enables 32X clock and improved RDA/ROR operation. 
See NOTE on high accuracy mode. 


3 


GND 


Ground 


Ground 


4 


RDE 


Received Data 
Enable 


A low-level input enables the outputs (RD8-RD1 ) of the 
receiver buffer register. 


5-12 


RD8-RD1 


Receiver Data 
Outputs 


These are the eight 3-state data outputs enabled by RDE. 
Unused data output lines, as selected by NDB1 and NDB2, 
have a low-level output, and received characters are right 
justified, i.e. the LSB always appears on the RD1 output. 


13 


RPE 


Receiver Parity 
Error 


This 3-state output (enabled by SWE) is at a high-level if 
the received character parity bit does not agree with the 
selected parity. 


14 


RFE 


Receiver Framing 
Error 


This 3-state output (enabled by SWE) is at a high-level if 
the received character has no valid stop bit. 
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DESCRIPTION OF PIN FUNCTIONS 



PIN NO. 


SYMBOL 


NAME 


FUNCTION 


15 


ROR 


Receiver Over 
Run 


This 3-state output (enabled by SWE) is at a high-level if 
the previously received character is not read (RDA output 
reset not completed) before the present character is 
transferred into the receiver buffer register. 


16 


SWE 


Status Word 
Enable 


A low-level input enables the outputs (RPE, RFE, ROR, 
RDA, and TBMT) of the status word buffer register. 


17 


RCP 


Receiver Clock 


This input is a clock whose frequency is 16 times (16X) or 
32 times (32X) the desired receiver baud rate. 


18 




Receiver Data 
Available Reset 


A low-level input resets the RDA output to a low-level. 
RDAR must have gone low and come high again before 
ROR is sampled to avoid overrun indication. 


RDAR 


19 


RDA 


Receiver Data 
Available 


This 3-state output (enabled by SWE) is at a high-level 
when an entire character has been received and transferred 
into the receiver buffer register. 


20 


RSI 


Receiver Serial 
Input 


This input accepts the serial bit input stream. A high-level 
(mark) to low-level (space) transition is required to initiate 
data reception. 


21 


MR 


Master Reset 


This input should be pulsed to a high-level after power 
turn-on. This sets TSO, TEOC, and TBMT to a high-level 
and resets RDA, RPE, RFE, ROR and RD1 -RD8 to a low-level. 


22 


TBMT 


Transmitter 
Buffer Empty 


This 3-state output (enabled by SWE) is at a high-level 
when the transmitter buffer register may be loaded with 
new data. 


23 


TDS 


Transmitter 
Data Strobe 


A low-level input strobe enters the data bits into the 
transmitter buffer register. 


24 


TEOC 


Transmitter End 
of Character 


This output appears as a high-level during the last half 
clock cycle of the last stop bit. It remains at this level 
until the start of transmission of the next character or 
for one-half of a TCP period in the case of continuous 
transmission. 


25 


TSO 


Transmitter 
Serial Output 


This output serially provides the entire transmitted 
character. TSO remains at a high-level when no data is 
being transmitted. 


26-33 


TD1-TD8 


Transmitter 
Data Inputs 


There are 8 data input lines (strobed by TDS) available. 
Unused data input lines, as selected by NDB1 and NDB2, 
may be in either logic state. The LSB should always be 
placed on TD1. 


34 


CS 


Control Strobe 


A high-level input enters the control bits (NDB1, NDB2, 
NSB, POE and NPB) into the control bits holding register. 
This line may be strobed or hard wired to a high-level. 


35 


NPB 


No Parity Bit 


A high-level input eliminates the parity bit from being 
transmitted: the stop bit(s) immediately follow the last data 
bit. In addition, the receiver requires the stop bit(s) to follow 
immediately after the last data bit. Also, the RPE output is 
forced to a low-level. See pin 39, POE. 
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DESCRIPTION OF PIN FUNCTION 



PIN NO. 


SYMBOL 


NAME 


FUNCTION 


36 


NSB 


Number of 
Stop Bits 


This input selects the number of stop bits. A low-level input 
selects 1 stop bit; a high-level input selects 2 stop bits. 
Selection of two stop bits when programming a 5 data bit 
word generates 1.5 stop bits. 


37-38 


NDB2, 
NDB1 


Number of Data 
Bits/Character 


These 2 inputs are internally decoded to select either 5, 6, 7, 
or 8 data bits/character as per the following truth table: 
NDB2 NDB1 data bits/character 

L L 5 

L H 6 

H L 7 

H H 8 


39 


POE 


Odd/Even Parity 
Select 


The logic level on this input, in conjunction with the NPB 
input, determines the parity mode for both the receiver and 
transmitter, as per the following truth table: 

NPB POE MODE 
L L odd parity 
L H even parity 
H X no parity 

X = don't care 


40 


TCP 


Transmitter 
Clock 


This input is a clock whose frequency is 16 times (16X) or 
32 times (32X) the desired transmitter baud rate. 



TRANSMITTER TIMING — 
8 BIT, PARITY, 2 STOP BITS 



rJDATA lT 



. DATA8jPa«m tic 



START DATA 1 DATA 8 PARITY STOP 1 STOP 2 START 



TRANSMITTER START-UP 




RECEIVER TIMING — 
8 BIT, PARITY, 2 STOP BITS 

RSI | START [DATA l]" ~J~DATA8~|pARITy| STOP 1 STOP 2| START 



START BIT DETECT AND VERIFY 



CENTER BIT 
SAMPLE 




minimum continuous low 
required for start-bit verification 



RECEIVER TIMING DETAIL 



_r 



RDA 
(HIACC =0)_ 

RDA 
(HIACC = 1)_ 

RD1-RD8. ~ 
ROR 



63 



10 »-16X 

18 *-32X 



| stop bit center sample 
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MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range 0° C to + 70° C 

Storage Temperature Range —55° C to +150° C 

Lead Temperature (soldering, 10 sec.) +325° C 

Positive Voltage on any Pin, with respect to ground +8.0V 

Negative Voltage on any Pin (except Pin 2), with respect to ground -0.3V 

Negative Voltage on Pin 2, with respect to ground —13.2V 

Stresses above those listed may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or at any other condition above 
those indicated in the operational sections of this specification is not implied. 
NOTE: When powering this device from laboratory or system powersupplies, it is important 
that the Absolute Maximum Ratings not be exceeded or device failure can result. Some 
power supplies exhibit voltage spikes or "glitches" on their outputs when the AC power is 
switched on and off. I n addition, voltage transients on the AC power line may appear on the 
DC output. If this possibility exists it is suggested that at clamp circuit be used. 

ELECTRICAL CHARACTERISTICS (T A = 0° C to 70° C, Vdd = +5V ±5%, unless otherwise noted) 



Parameter 


Min. 


Typ. 


Max. 


Unit 


Comments 


D.C. CHARACTERISTICS 












INPUT VOLTAGE LEVELS 












Low-level, Vil 






0.8 


V 




High-level, Vih 


2.0 






V 




OUTPUT VOLTAGE LEVELS 












Low-level, Vol 






0.4 


V 


Iol = 1.6mA 


High-level, Voh 


2.4 






V 


Ioh = -100/iA 


INPUT CURRENT 












Low-level, Iil 






300 


A/A 


Vin = GND.COM 8018 only 


INPUT LEAKAGE 






±10 


fj/K 


COM 1863 only 


OUTPUT CURRENT 












Leakage, Ilo 






±10 


/"A 


SWE = RDE = Vih, < Vout < +5V 


Short circuit, los** 






40 


mA 


Vout = 0V 


INPUT CAPACITANCE 












All inputs, Cin 




5 


10 


pf 




OUTPUT CAPACITANCE 












All outputs, Cout 




10 


20 


Pf 


SWE = RDE = Vih 


POWER SUPPLY CURRENT 












Ice 






25 


mA 


All outputs = Voh, All inputs = Vdd 


A.C. CHARACTERISTICS 










Ta = +25°C, See Timing Diagrams 


CLOCK FREQUENCY 


DC 




1.0 


MHz 


RCP, TCP 


PULSE WIDTH 












Clock 


0.45 






/iS 


RCP, TCP 


Master reset 


500 






ns 


MR 


Control strobe 


200 






ns 


CS 


Transmitter data strobe 


200 






ns 


TDS 


Receiver data available reset 


200 






ns 


RDAR 


INPUT SET-UP TIME 












Data bits 









ns 


TD1-TD8 


Control bits 









ns 


NPB, NSB, NDB2, NDB1, POE 


INPUT HOLD TIME 












Data bits 









ns 


TD1-TD8 


Control bits 









ns 


NPB, NSB, NDB2, NDB1, POE 


ENABLE TO OUTPUT DELAY 










Load = 20pf+1TTL input 


Receive data enable 






250 


ns 


RDE: Tpdi.Tpdo 


Status word enable 






250 


ns 


SWE:Tpdi,Tpdo 


OUTPUT DISABLE DELAY 






250 


ns 


RDE, SWE 



"Not more than one output should be shorted at a time. 



NOTES: 1. If the transmitter is inactive (TEOC and TBMT areata high-level) the start bit will appear on the TSO line within 
1Vs clock period (TCP) after the trailing edge of TDS. 

2. The start bit (mark to space transition) will always be detected within one RCP clock period, guaranteeing 
a maximum start bit slippage of ±1/32 or ±1/64 of a bit time. 

3. The 3-state output has 3 states: 1) lowimpeda nceto VD D 2) low impedance to GND 3) highimpedanceOFF = 
10M ohms The "OFF" state is controlled by the SWE and RDE inputs. 
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DATA/CONTROL TIMING DIAGRAM 



DATA INPUTS 
t r = t, = 20ns 
Tset-up>0 
Thold >0 



CONTROL INPUTS 



VlH 
VlL 


S 


\ 




A 


L 










TSET-UP *■ 




I* 




-* 


k — Thold 


: t f 






\r~ 


Tpw — 


— 1 




VlH 

VlL -i 


t 




\ 


~ 


TSET-UP — * 






■* — Thold 


VlH V, 


- t 



"Input information (Data/Control) need onlybe valid during 
the last Tpw, min time of the input strobes (TDS, CS). 



OUTPUT TIMING DIAGRAM 



RDE.SWE 



OUTPUTS 

(RD1-RD8, RDA, 

RPE,ROR,RFE,TBMT) 



/ 



— Tpdi.Tpdo 
NOTE: Waveform drawings not to scale for clarity. 



Voh 
Vol 



ADDITIONAL TIMING INFORMATION 



Y 



/T 



\ 



NOTES ON COM 8018 AND COM 1863 

HIGH-ACCURACY AND IMPROVED 

RDA/ROR MODE 

The HIACC mode is enabled by applying a logic 
"one" to pin 2. If this pin is left unconnected, or 
connected to GND, -12V, or a logic "zero," the 
HIACC mode is disabled. The HIACC input has an 
internal pull-down resistor. 

When the HIACC mode is selected, the TX and RX 
halves both operate on 32X instead of 16X clocks. 
Also, RDA is notched during the one half receiver 
clock cycle preceding the stop bit center sample 
when RD1-RD8 and ROR are changing. 

Whether or not t he HIA CC mode is selected, RDA 
must be low and RDAR must have returned high to 
avoid setting ROR. If RDAR is held low p ast the 
stop-bit center sample, RDA will go high after RDAR 
returns high. 

The maximum current HIACC will supply if con- 
nected to -13.2V is 3.5mA. 



IMPROVED RDA/ROR OPERATION 
TIMING DIAGRAMS 



RD1-RD8, and ROR determined 
Stop bit center sample 



"I 



r 



u 



RDAR at last possible moment 
and not get ROR 



Stop-bit center sample 



~L 



•^RD1-RD8, and ROR determined 

i lj — i r 



RD1-RD8, and ROR determined 
Stop-bit center sample 



"L 



r 



Protection against missing the ROR flag 
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FLOW CHART— TRANSMITTER 



1. TURN POWER ON 

2. PULSE MASTER RESET 

3. SELECT BAUD RATE — 16X or 32X CLK 



TBMT = 1 
TEOC = 1 
TSO = l (STOP BIT) 




FLOW CHART— RECEIVER 



t.TURN POWER ON 

2. PULSE MASTER RESET 

3. SELECT BAUD RATE — 16X OR 32X CLK 

4. SET CONTROL BITS 




STANDARD MICROSYSTEMS 
CORPORATOR 



Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 

devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 

we keep ahead of our mtuwUtlunso you can keep ahead of yours, at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 



CORPORATOR 



COM2502 
^^^^ COM201 7 

' COM2502/H 

COM2017/H 

Universal Asynchronous Receiver/Transmitter 

UART 

FEATURES 

□ Direct TTL Compatibility — no interfacing circuits 
required 

D Full or Half Duplex Operation — can receive and 
transmit simultaneously at different baud rates 

□ Fully Double Buffered — eliminates need for precise 
external timing 

□ Start Bit Verification — decreases error rate 

□ Fully Programmable— data word length, parity mode, 
number of stop bits; one, one and one-half, or two 

D High Speed Operation— 40K baud, 200ns strobes 

□ Master Reset— Resets all status outputs 
D Tri-State Outputs— bus structure oriented 

□ Low Power— minimum power requirements 

□ Input Protected — eliminates handling problems 

□ Ceramic or Plastic Dip Package— easy board insertion 



GENERAL DESCRIPTION 

The Universal Asynchronous Receiver/Transmitter is 
an MOS/LSI monolothic circuit that performs all the 
receiving and transmitting functions associated with 
asynchronous data communications. This circuit is 
fabricated using SMC's P-channel low voltage oxide- 
nitride technology. The duplex mode, baud rate, data 
word length, parity mode, and number of stop bits are 
independently programmable through the use of exter- 
nal controls. There may be 5, 6, 7 or8 data bits, odd/even 
or no parity, and 1 , or 2 stop bits or 1 .5 stop bits when 
utilizing a 5-bit code from the COM 2017 or COM 2017/H. 
The UART can operate in either the full or half duplex 
mode. These programmable features provide the user 
with the ability to interface with all asynchronous 
peripherals. 
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Pin Configurat 


ion 














W 






Vcc Q 


1 40 


2 TCP 






Vdd [ 


2 39 


2 POE 






Gnd [ 


3 38 


2 NDB1 






RUE [ 


4 37 


2 NDB2 






RD8 [ 


5 36 


3 NSB 






RD7 C 


6 35 2 NPB 






RD6 C 


7 34 ] CS 






RD5 C 


8 33 3 TD8 






RD4 I 
RD3 [ 




2 TD7 
] TD6 






10 




31 






RD2 [ 


11 




30 


2 TD5 






RD1 [ 


1? 






2 TD4 

3 TD3 






RPE C 


13 28 






RFE C 


14 27 


3 TD2 






ROR C 


15 26 


3 TD1 






SWE L 


16 25 


□ TSO 






RCP C 


17 24 


] TEOC 






RDAR L 


18 23 


] TDS" 






RDA C 


19 22 


"2 TBMT 






RSI C 


20 21 


] MR 






PACKAGE: 40-Pin 


D.I. P. 




Functional Block Diagram 






TD1 TD2 TD3 TD4 TD5 TD6 TD7 TD8 










?6 


27 


28 


29 


30 


31 


32 


33 






TDS 


















25, 


TSO 

TEOC 

SWE 

TBMT 

RPE 

RFE 

ROR 

RDA 


23 


-J TRANSMITTER BUFFER REGISTER 






^ 


u 




TRANSMITTER 

SHIFT 

REGISTER 


TCP 

CS 

NPB 

NSB 

NDB2 

NDB1 

POE 


40 








24 • 




ft 




_, T 




16 






34 




f> 










L I I 




<>, 




22 


35 




CONTROL 
EGISTER 




STATUS 
WORD 
BUFFER 
REGISTER 


36 




13 


37 


! c 


14 


38 


F 


15 


39 




19[ 






18 










^V + 


17 "^ 


I If 




RDAR 






RCP 




^J TIMING AND CONTROL RECEIVER 


. 21 


MR 


u 








RECEIVER 




RSI 




-* SHIFT 








1 


Vcc 


RDE 




REGISTER 






' 


; 2 

j~3~ 


Vdd 
Gnd 


u 


■> 


4 




RECEIVER BUFFER REGISTER 










5 


6 




R 


9 


10 


11 


12 




























RD8 RD7 RD6 RD5 RD4 RD3 RD2 RD1 







DESCRIPTION OF OPERATION — TRANSMITTER 



At start-up the power is turned on, a clock whose 
frequency is 16 times the desired baud rate is 
applied and master reset is pulsed. Under these 
conditions TBMT, TEOC, and TSO are all at a high 
level (the line is marking). 

When TBMT and TEOC are high, the control bits 
may be set. After this has been done the data bits 
may be set. Normally, the control bits are strobed 
into the transmitter prior to the data bits. However, 
as long as mini mum pulse width specifications 
are not violated, TDS and CS ma y occ ur simulta- 
neously. Once the date strobe (TDS) has been 
pulsed the TBMT signal goes low, indicating that 
the data bits buffer register is full and unavailable to 
receive new data. 

If the transmitter shift register is transmitting pre- 
viously loaded data the TBMT signal remains low. 
If the transmitter shift register is empty, or when it is 
through transmitting the previous character, the 
data in the buffer register is loaded immediately into 
the transmitter shift register and data transmission 



commences. TSO goes low (the start bit), TEOC 
goes low, the TBMT goes high indicating that the 
data in the data bits buffer register has been loaded 
into the transmitter shift register and that the data 
bits buffer register is available to be loaded with 
new data. 

If new data is loaded into the data bits buffer register 
at this time, TBMT goes lowand remains in thisstate 
until the present transmission is completed. One 
full character time is available for loading the next 
character with no loss in speed of transmission. This 
is an advantage of double buffering. 

Data transmission proceeds in an orderly manner: 
start bit, data bits, parity bit (if selected), and the 
stop bit(s). When the last stop bit has been on the 
line for one bit time TEOC goes high. If TBMT is 
low, transmission begins immediately. If TBMT is 
high the transmitter is completely at rest and, if 
desired, new control bits may be loaded prior to the 
next data transmission. 



TRANSMITTER BLOCK DIAGRAM 



ODD/EVEN 
PARITY SELECT 



i L 



1 1 



CONTROL BITS HOLDING REGISTER 



TIMING GENERATOR 



DB8 DB7 DB6 DB5 DB4 DB3 DB2 OB1 

X 1 1 1 1 1 1 1 



STEERING LOGIC 



♦i LOAD 
SHIFT 



TRANSMITTER SHIFT REGISTER 



PARITY BIT GENERATION LOGIC 



OUTPUT 
LOGIC 



DATA STROBE 



TRANSMITTER 

BUFFER 

EMPTY 



END OF 
CHARACTER 



DESCRIPTION OF OPERATION — RECEIVER 



At start-up the power is turned on, a clock whose 
frequency is 16 times the desired baud rate is applied 
and master reset is pulsed. Thedataavailable(RDA) 
signal is now low. There is one set of control bits for 
both the receiver and transmitter. 

Data reception begins when the serial input line 
transitions from mark (high) to space (low). If the 
RSI line remains spacing for a 1/2 bittime, a genuine 
start bit is verified. Should the line return to a mark- 
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ing condition priortoa 1/2 bittime, thestart bit veri- 
fication process begins again. A mark to space 
transition must occur in order to initiate start bit 
verification. Once a start bit has been verified, data 
reception proceeds in an orderly manner: start bit 
verified and received, data bits received, parity bit 
received (if selected) and the stop bit(s) received. 

If the transmitted parity bit does not agree with the 
received parity bit, the parity error flip-flop of the 



status word buffer register is set high, indicating a 
parity error. However, if the no parity mode is se- 
lected, the parity error flip-flop is unconditionally 
held low, inhibiting a parity error indication. If a 
stop bit is not received, due to an improperlyframed 
character, the framing error flip-flop is set high, 
indicating a framing error. 

Once a full character has been received internal 
logic looks at the data available (RDA) signal. If, at 
this instant, the RDA signal is high the receiver 
assumes that the previously received character has 



not been read out and the over-run flip-flop is set 
high. The only way the receiver is aware that data 
has been read out is by having the data available 
reset low. 

At this time the RDA output goes high indicating 
that all outputs are available to be examined. The 
receiver shift register is now available to begin re- 
ceiving the next character. Due to the double buf- 
fered receiver, a full character time is available to 
remove the received character. 



CONTROL 

BITS FROM 

HOLDING 

REGISTER 



RECEIVER BLOCK DIAGRAM 



RD8 RD7 RD6 RD5 RD4 RD3 RD2 RD1 

T T T T T T T T 



AND GATE 



FRAMING 
ERROR 
OVER RUN ■f PARITY ERROR 
DATA f "t 

AVAILABLE + 



TIMING GENERATOR 



DESCRIPTION OF PIN FUNCTIONS 



PIN NO. 


SYMBOL 


NAME 


FUNCTION 


1 


Vcc 


Power Supply 


+5 volt Supply 


2 


Vdd 


Power Supply 


-12 volt Supply 


3 


GND 


Ground 


Ground 






Received Data 
Enable 




4 


RDE 


A low-level input enables the outputs (RD8-RD1) of the 
receiver buffer register. 



5-12 



RD8-RD1 



Receiver Data Thesearethe8 tri-state data outputs enabled by RDE. 

Outputs Unused data output lines, as selected by NDB1 and NDB2, 

have a low-level output, and received characters are right 
justified, i.e. the LSB always appears on the RD1 output. 



13 



RPE 



Receiver Parity This tri-state output (enabled by SWE) is at a high-level if 

Error the received character parity bit does not agree with the 

selected parity. 



14 



RFE 



Receiver Framing 
Error 



This tri-state output (enabled by SWE) is at a high-level if 
the received character has no valid stop bit. 
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DESCRIPTION OF PIN FUNCTIONS 



PIN NO. SYMBOL 



NAME 



FUNCTION 



15 ROR 



19 RDA 



Receiver Over This tri-state output (enabled by SWE) is at a high-level if 

Run the previously received character is not read (RDA output 

not reset) before the present character is transferred into 

the receiver buffer register. 



16 


SWE 


Status Word 
Enable 


A low-level input enables the outputs (RPE, RFE, ROR, 
RDA, and TBMT) of the status word buffer register. 


17 


RCP 


Receiver Clock 


This input is a clock whose frequency is 16 times (16X) the 
desired receiver baud rate. 






Receiver Data 
Available Reset 




18 


RDAR 


A low-level input resets the RDA output to a low-level. 



Receiver Data This tri-state output (enabled by SWE) is at a high-level 

Available when an entire character has been received and transferred 

into the receiver buffer register. 



20 RSI 



Receiver Serial This input accepts the serial bit input stream. A high-level 

Input (mark) to low-level (space) transition is required to initiate 

data reception. 



21 MR 



Master Reset This input should be pulsed to a high-level after power 

turn-on. This sets TSO, TEOC, and TBMT to a high-level 
and resets RDA, RPE, RFE and ROR to a low-level. 



22 TBMT Transmitter This tri-state output (enabled by SWE) is at a high-level 

Buffer Empty when the transmitter buffer register may be loaded with 

new data. 



23 TDS 



Transmitter 
Data Strobe 



A low-level input strobe enters the data bits into the 
transmitter buffer register. 



24 TEOC Transmitter End Thisoutputappearsasahigh-leveleachtimeafullcharacter 

of Character is transmitted. It remains at this level until the start of 

transmission of the next character or for one-half of a TCP 
period in the case of continuous transmission. 



25 TSO 



Transmitter This output serially provides the entire transmitted 

Serial Output character. TSO remains at a high-level when no data is 

being transmitted. 



26-33 TD1-TD8 



Transmitter 
Data Inputs 



There are 8 data input lines (strobed by TPS) available. 
Unused data input lines, as selected by NDB1 and NDB2, 
may be in either logic state. The LSB should always be 
placed on TD1. 



34 CS 



Control Strobe A high-level input enters the control bits (NDB1, NDB2, 

NSB, POE and NPB) into the control bits holding register. 
This line may be strobed or hard wired to a high-level. 



35 NPB 



No Parity Bit A high-level input eliminates the parity bit from being 

transmitted; the stop bit(s) immediately follow the last data 
bit. In addition, the receiver requires the stop bit(s) to follow 
immediately after the last data bit. Also, the RPE output is 
forced to a low-level. See pin 39, POE. 
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DESCRIPTION OF PIN FUNCTION 



PIN NO. SYMBOL 



NAME 



FUNCTION 



36 



NSB 



Number of 
Stop Bits 



This input selects the number of stop bits. A low-level input 
selects 1 stop bit; a high-level input selects 2 stop bits. 
Selection of 2 stop bits when programming a 5 data bit word 
generates 1.5 stop bits from the COM 2017 or COM 2017/H. 



37-38 NDB2, 

NDB1 



Number of Data These 2 inputs are internally decoded toselecteither5, 6, 7, 

Bits/Character or 8 data bits/character as per the following truth table: 

NDB2 NDB1 data bits/character 

L L 5 

L H 6 

H L 7 

H H 8 



39 



POE 



Odd/Even Parity The logic level on this input, in conjunction with the NPB 

Select input, determines the parity mode for both the receiver and 

transmitter, as per the following truth table: 

NPB POE MODE 

L L odd parity 

L H even parity 

H X no parity 

X = don't care 



40 



TCP 



Transmitter 
Clock 



This input is a clock whose frequency is 16 times (16X) the 
desired transmitter baud rate. 



TRANSMITTER TIMING — 8 BIT, PARITY, 2 STOP BITS 



r jDATA 1~7 . 



START DATA 1 DATA8 PARITY STOP 1 STOP 2 START 



. i UAIAOlPAMM Tl 



TRANSMITTER START-UP 




Upon data transmission initiation, or when not transmitting at 100% line utilization, thestart bit wil l be placed 
on the TSO line at the high to low transition of the TCP clock following the trailing edge of TDS. 

RECEIVER TIMING— 8 BIT, PARITY, 2 STOP BITS 



RSI 


| STARTJ DATA l] •• 


• •• ]data8]parity|stopi stop2|start 


CENTER BIT 
SAMPLF 


I I 


I I I I I 






— HK— 1/16 Bit time 


II 



"The RDA line was previously not reset (ROR = high-level). 
"The RDA line was previously reset (ROR = low-level). 



START BIT DETECT/VERIFY 

A . t— Begin 

5 I — 



Begin verify 




If the RSI line remains spacing for a 1/2 bit time, a genuine start bit is verified. Should the line return to a 
marking condition prior to a 1/2 bit time, the start bit verification process begins again. 
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MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range 0° C to +70° C 

Storage Temperature Range —55° C to +150° C 

Lead Temperature (soldering, 10 sec.) +325° C 

Positive Voltage on any Pin, Vcc +0.3V 

Negative Voltage on any Pin, Vcc —25V 

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any otherconditionabovethose indicated in theoperational 
sections of this specification is not implied. 

ELECTRICAL CHARACTERISTICS (Ta = 0° C to 70° C, Vcc = +5V ±5%, Vdd = -12V ±5%, unless otherwise noted) 



Parameter 



Min. Typ. Max. Unit 



Conditions 



D.C. CHARACTERISTICS 

INPUT VOLTAGE LEVELS 

Low-level, Vil 

High-level, Vih 
OUTPUT VOLTAGE LEVELS 

Low-level, Vol 

High-level, Voh 
INPUT CURRENT 

Low-level, Iil 
OUTPUT CURRENT 

Leakage, Ilo 

Short circuit, los** 
INPUT CAPACITANCE 

All inputs, Cin 
OUTPUT CAPACITANCE 

All outputs, Cout 
POWER SUPPLY CURRENT 

Ice 

Idd 



Vdd 
Vcc-1.5 




0.8 
Vcc 


V 
V 




2.4 


0.2 
4.0 


0.4 


V 
V 


Iol = 1.6mA 
Ioh = 100/uA 






1.6 


mA 


see note 4 






-1 
10 


//A 
mA 


SWE = RDE = Vih, < Vout < +5V 
Vout = 0V 




5 


10 


Pf 


ViN = Vcc,f = 1MHz 




10 


20 


pf 


SWE = RDE = ViH,f = 1MHz 






28 
28 


mA 
mA 


All outputs = Voh, All inputs = Vcc 



A.C. CHARACTERISTICS 

CLOCK FREQUENCY 

(COM2502, COM2017) 

(COM2502H, COM2017H) 
PULSE WIDTH 

Clock 

Master reset 

Control strobe 

Transmitter data strobe 

Receiver data available reset 
INPUT SET-UP TIME 

Data bits 

Control bits 
INPUT HOLD TIME 

Data bits 

Control bits 
STROBE TO OUTPUT DELAY 

Receive data enable 

Status word enable 
OUTPUT DISABLE DELAY 



Ta = +25°C 



DC 
DC 


400 
640 


KHz 
KHz 


RCP, TCP 
RCP, TCP 


1 
500 
200 
200 




//s 
ns 
ns 
ns 
ns 


RCP, TCP 
MR 
CS 
TDS" 


200 


RDAR 


>0 
>0 




ns 
ns 


TD1-TD8 

NPB, NSB, NDB2, NDB1, POE 


>0 
>0 




ns 
ns 


TD1-TD8 

NPB, NSB, NDB2, NDB1, POE 




350 
350 


ns 
ns 


Load = 20pf +1 TTL input 
RDE: Tpdi.Tpdo 
SWE:Tpdi,Tpdo 




350 


ns 


RDE, SWE 



"Not more than one output should be shorted at a time. 



NOTES: 1 . If the transmitter is inactive (TEOC and TBMT ar e at a high-level) the start bit will appear on the TSO line within 
one clock period (TCP) after the trailing edge of TDS. 

2. The start bit (mark to space transition) will always be detected within one clock period of RCP, guaranteeing 
a maximum start bit slippage of 1/16th of a bit time. 

3. The tri-state output has 3 states: 1) low impedanc eto Vc c 2)low impedancetoGND 3) high impedance OFFs 
10M ohms. The "OFF" state is controlled by the SWE and RDE inputs. 

4. Under steady state conditions no current flows for TTL or MOS interfacing. (COM 2502 or COM 2502/H) 
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DATA/CONTROL TIMING DIAGRAM 



TDS 



DATA INPUTS 
tr = tf = 20 ns 
Tset-up>0 
Thold > 



CS 



CONTROL INPUTS 



Vih 
Vil 

TSET-UP 



\ 



VlH 
VlL 



VlH 
VlL 



X 



Tpw* 



Tpw* 



/ 



TSET-UP 

VlH 
VlL 



X 



i 



• Thold 



X 



\ 



Thold 



X 



'Input information (Data/Control) need onl y bev alid during 
the last Tpw, min time of the input strobes (TDS, CS). 



OUTPUT TIMING DIAGRAM 



RDE.SWE 



OUTPUTS 

(RD1-RD8, RDA, 

RPE, ROR, RFE.TBMT) 



Vil V 



/ 



Outputs Disabled 



"~\ 



Tpdi, Tpdo 



VOH 

Vol 



NOTE: Waveform drawings not to scale for clarity. 



RDAR 



VlL-^CL 



« 200ns » 

T 



f 



\ 



RDA < 300ns 



Vol 



TDS 



/ 



TMBT 



Vih 



\ 



r Vol 



400ns 
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FLOW CHART— TRANSMITTER 



1. TURN POWER ON 

2 PULSE EXTERNAL RESET 

3. SELECT BAUD RATE-16XCLK 



TBMT = 1 
EOC = 1 
SO = 1 (STOP BIT) 





TRANSMIT START BIT. OATA 
BITS. SELECTED PARITY MODE, 
AND STOP BIT(S) 




FLOW CHART— RECEIVER 



. TURN POWER ON 

. PULSE EXTERNAL RESET 

SELECT BAUD RATE — 16 X CLK 

SET CONTROL BITS 




SET PARITY 
ERROR REGISTER 
TOO 



SET FRAMING 
ERROR REGISTER 
TOO 



SET OVER-RUN 

REGISTER 

TOO 



EXAMINE OUTPUTS 

1. STROBE STATUS WORD ENABLE 

2. STROBE DATA ENABLE 



RESET DATA AVAILABLE - DA = 



STANDARD MICROSYSTEMS 
CORPORATION^ 

Hi 




Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATIO^^^^= 



COM 2449-1 
COM 2449-2 
COM 2449-3 

yUPC FAMILY 



RS-449 
Programmable Communications 

Interface 



FEATURES 

□ RS-449 compatible inputs and outputs 

□ Maskable Interrupts for RS-449 inputs 

□ Synchronous and Asynchronous Full Duplex or 
Half Duplex Operations 

□ Re-programmable ROM on-chip baud 
rate generator 

□ Synchronous Mode Capabilities 
—Selectable 5 to 8-Bit Characters 
—Selectable 1 or 2 SYNC Characters 

— Internal or External Character Synchronization 
—Transparent or Non-Transparent Mode 
—Transparent mode DLE stuffing (Tx) 

and detection (Rx) 
—Automatic SYNC or DLE-SYNC Insertion 
—SYNC, DLE and DLE-SYNC stripping 

— Odd, Even, or No Parity 

— Local or remote maintenance loop back mode 

□ Asynchronous Mode Capabilities 
—Selectable 5 to 8-Bit Characters plus parity 
—3 Selectable Clock Rates (1X, 16X, 64X the 

Baud Rate) 

— Line Break Detection and Generation 

— 1, IV2, or 2-Stop Bit Detection and Generation 

— False Start Bit Detection 

— Odd, Even, or No Parity 

— Parity, Overrun, and framing error detect 

— Local or remote maintenance loop back mode 
—Automatic serial echo mode (echoplex) 

□ Baud Rates 

— DC to 1.0M Baud (Synchronous) 

— DC to 1.0M Baud (1X, Asynchronous) 



PIN CONFIGURATION 











W 




DO C 


1 40 


pis 


D1 C 


2 39 ] SF/SR 


RxD C 


3 38 U SS 


GND £ 


4 37 


]RL 


D2 C 


5 36 


DLL 


D3 r_ 


6 35 


] NS 


D4 C 


7 34 


] RR 


D5 C 


8 33 


] Vcc 


D6 [ 
D7[ 


■" 


] RxC/BRKDET 
JTR 


10 




31 


ICC 


11 




30 


] RS 


tm r_ 

SQ [ 






?q 


1 DM 
] RESET 


13 28 


A2C 


14 27 


] BRCLK 


TxC/XSYNC [ 


15 26 


] TxD 


CE[ 


16 25 


] TxEMT/DSCHG 


A1 [ 
SB [ 

sic 


17 24 

18 23 

19 22 


] CS 

] TxRDY 
] RxRDY 


ao r 


20 21 


] RAW 


PACKAGE: 40-Pin 


DIP 



— DC to 62.5K Baud (16X, Asynchronous) 

— DC to 15.625K Baud (64X, Asynchronous) 

□ Double Buffering of Data 

□ RxC and TxC pins are short circuit protected 

□ Internal or External Baud Rate Clock 
D 3 baud rate sets (2449-1, -2, -3) 

□ 16 internal rates for each version 

□ Single +5 volt Power Supply 
DTTL Compatible 

□ No System Clock Required 



GENERAL DESCRIPTION 



The COM 2449 is an MOS/LSI device fabricated 
using SMC's patented COPLAMOS® technology. 
It is equivalent to the COM 2661 with the addi- 
tional features required to create the interface to 
an RS-449 compatible modem. Six new outputs 
are added to implement the RS-449 signals sent 
to the Data Communications Equipment (DCE) 
and five new signals are added to receive the 
RS-449 status signals from the DCE. A second 
status register and an output register have been 
added to allow a processor full control of the addi- 
tional I/O pins. The COM 2449 contains a baud 
rate generator which can be programmed to either 
accept an external clock or to generate internal 
transmit or receive clocks. Sixteen different baud 
rates can be selected under program control when 
operating in the internal clock mode. Each version 
of the COM 2449 (-1, -2, -3) has a different set of 
baud rates. Custom baud rates can be ROM repro- 
grammed to accommodate different baud rates 



and different starting frequencies. 

The COM 2449 is a Universal Synchronous/ 
Asynchronous Receiver/Transmitter (USART) 
designed for microcomputer system data com- 
munications. The USART is used as a peripheral 
and is programmed by the processor to com- 
municate in commonly used asynchronous and 
synchronous serial data transmission techniques 
including IBM Bi-Sync. The USART receives serial 
data streams and converts them into parallel data 
characters for the processor. While receiving serial 
data, the USART will also accept data characters 
from the processor in parallel format, convert them 
to serial format and transmit. The USART will sig- 
nal the processor when it has completely received 
or transmitted a character and requires service. 
Complete USART status including data format 
errors and control signals is available to the 
processor at any time. 
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SYN/DLE CONTROL 




nn-D7 \ / 




> 








N 




SI 




V 




SYN1 REGISTER 






,i 




SYN 2 REGISTER 












DLE REGISTER 




OPERATION CONTROL 


,/»- 


























MODE REGISTER 1 










< 




MODE REGISTER 2 


\J— 








COMMAND REGISTER 


















STATUS REGISTER 1 














IC, SQ, Tm/ 


STATUS REGISTER 2 








TRANSMIT DATA 
HOLDING REGISTER 






> 


N N 


OUTPUT REGISTER 


NS, lb, SI-/SH \ 
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RE-PROGRAMMABLE 

BAUD RATE 

GENERATOR 

AND 

CLOCK CONTROL 




T*C 4 . 








' 


i 














rZc. „ 
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The COM 2449 is organized into 6 major sections. 
Communication between each section is achieved via 
an internal data and control bus. The data bus buffer 
allows a processor access to all internal registers on the 
COM 2449. The COM 2449 is a COM 2661 with 5 new 
inputs (readable by the processor from STATUS 
REGISTER 2) and 6 new outputs (written by the pro- 
cessor via the OUTPUT REGISTER). Each of the 5 new 
inputs can cause an interrupt condition on the COM 
2449. The ability to enable these conditions for inter- 
rupt handling is provided. Table 1 outlines the dif- 
ferences between the COM 2661 and the COM 2449. 
It should be noted that the COM 2449 can be viewed as 
a general purpose communications interface device 
with general purpose I/O pins to allow setting output 
controls and interrogation of input status. This addi- 
tional I/O capability, although added to allow RS-449 
compatibility, can ease the interface to any com- 
munications discipline. 

Operation Control 

This functional block stores configuration and opera- 
tion commands from the processor and generates appro- 
priate signals to various internal sections to control the 
overall device operation. It contains read and write cir- 
cuits to permit communications with a processor via the 
data bus and contains Mode Registers 1 and 2, the 
Command Register, the two Status Registers, and the 
Output Register- Details of register addressing and 
protocol are presented in the COM 2449 program- 
ming section of this specification. 



Timing 

The COM 2449 contains a Baud Rate Generator (BRG) 
which is programmable to accept external transmit or 
receive clocks or to divide an external clock to perform 
data communications. The unit can generate 16 com- 
monly used baud rates, any one of which can be selected 
for full duplex operation. Tables 2a, b, and c illustrate all 
available baud rates. 

Receiver 

The Receiver accepts serial data on the RxD pin, con- 
verts this serial input to parallel format, checks for bits 
or characters that are unique to the communication 
technique and stores the "assembled" character in the 
receive data holding register until read by the processor. 

Transmitter 

The Transmitter accepts parallel data from the processor, 
converts it to a serial bit stream, inserts the appropriate 
characters or bits (based on the communication tech- 
nique) and outputs a composite serial stream of data on 
the TxD output pin. 

Modem Control 

The modem control provides three output signals and 
accepts three input signals used for "handshaking" and 
status indication between the COM 2449 and a modem. 
Five signals to and from the modem control are given 
names that are in accordance with the RS-449 specifica- 
tion. The signals, however, have an identical function 
to the corresponding COM 2661 RS-232 compatible 
signals and this correspondence is shown in Table 1. 
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SYN/DLE Control 

This section contains control circuitry and three 8-bit 
registers storing the SYN1, SYN2, and DLE characters 
provided by the processor. These registers are used in 
the synchronous mode of operation to provide the 
characters required for synchronization, idle fill and 
data transparency. 

DESCRIPTION OF PIN FUNCTIONS 

TABLE 3— PROCESSOR RELATED SIGNALS 



Interface Signals 

The COM 2449 interface signals can be grouped into 
two types: the processor-related signals (shown in Table 
3) which interface the COM 2449 to the processor, and 
the device-related signals (shown in Table 4), which are 
used to interface to the communications equipment. 



PIN NO. 


NAME 


SYMBOL 


FUNCTION 


1,2,5,6, 
7,8,9,10 


Data 


D7-D0 


Bidirectional; 8 bit, three state data bus used to transfer commands, data and status 
between the COM 2449 and a processor. DO is the least significant bit; D7 is the most 
significant bit. 


14,17,20 


Address 


A2.A1.A0 


Input; Address lines used to select COM 2449 registers. 


16 


Chip Enable 


CE 


Input; when this signal is low, the operation specified by the R/W, A2, A1 and A0 will 
be performed. When this input is high, D7-0 are in the high impedance state. 


21 


Read/Write 


R/W 


Input; Processor read/write direction control. This signal defines the direction of the 
data bus D7-0 when the COM 2449 is selected. D7-0 drives out (read) when this signal 
is low and accepts data input when this signal is high. The input only has meaning 
when the CE input is active. 


22 


Receiver Ready 




Output; This signal is the complement of Status Register 1, bit 1 (SR11). When low, it 
indicates that the Receive Data Holding Register (RHR) has a character ready for in put 
to the processor. It goes high when the RHR is read by the processor, and also when 
the receiver is disabled. It is an open drain output which can be used as an interrupt 
to the processor. 


RxRDY 


23 


Transmitter 
Ready 




Output; This signal is the complement of Status Register 1 , bit (SR10). When low, it 
indicates that the Transmit Data Holding Register (THR) is ready to accept a data 
character from the processor. It goeshigh when the datacharacter is loaded. This output 
is valid only when the transmitter is enabled. It is an open drain output which can be 
used as an interrupt to the processor. 


TxRDY 


25 


Transmitter 
empty/data 
set change 


TxEMT/ 
DSCHG 


Output; This signal is the complement of Status Register 1, bit 2 (SR12). When low, it 
indicates that the transmitter has completed serialization of the last character loaded 
by the processor, or that a^hangeof state ofjhe DM or RR inputs has occurred. This 
signal also goes low if the SI, SB, SQ, TM or IC experience a change of state if the 
corresponding input is enable for interrupt. Interrupt enable bits are located in the 3 
most significant bits of Status Register 2 (SR2). This output goes high when Status 
Register 1 is read by the processor, if the TxEMT condition does not exist. Otherwise, 
the THR must be loaded by the processor for this line to go high. It is an open 
drain output which can be used as an interrupt to the processor. 


28 


Reset 


RESET 


Input; A high on this input performs a master reset on the COM 2449. This signal 
asynchronously terminates any device activity and clears the Mode, Command and 
Status registers. The device assumes the idle state and remains there until initialized 
with the appropriate control words. 


33 


Supply Voltage 


Vcc 


+5 volt supply. 


4 


Ground 


GND 


Ground. 



TABLE 4— DEVICE RELATED SIGNALS 



PIN NO. 


NAME 


SYMBOL 


FUNCTION 


3 


Receive Data 


RxD 


Input: Serial data to the receiver. "Mark" is high, "space" is low. 


11 


Incoming Call 


ic 


Input: This general purpose signal can be used for "incoming call" status from the 
DCE. Its complement appears in Status Register 2 bit (SR20). When this input is 
enabled for interrupt via Status Reqister2bit5 (SR25),achanqein its state will 
cause a low output on TxEMT/DSCHG. 


12 


Test Mode 


TM 


Input: This general purpose signal can be used for "test mode" status from the DCE. 
Its complement appears in Status Register 2 bit 1 (SR21 ). When this input is enabled 
for interrupt via Status Reqister 2, bit 6 (SR26) a chanqe in its state will cause a low 


output on TxEMT/DSCHG. 


13 


Signal Quality 


SQ 


Input: This general purpose signal can be used for "signal quality" status from the DCE. 
Its complement appears in Status Register 2 bit 2 (SR22). When this input is enabled 
for interrupt via Status Reqister 2 bit 7 (SR27) a chanqe in its state will cause a low out- 
put on TxEMT/DSCHG. 
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TABLE 4— DEVICE RELATED SIGNALS (Cont'd) 



PIN NO. 


NAME 


SYMBOL 


FUNCTION 


15 


Transmitter 

Clock/External 

Sync 


TxC/ 
XSYNC 


Input or Output: If the external transmitter clock is programmed, this input controls 
the rate at which the character is transmitted. Its frequency is 1 X, 1 6X, or 64X the 
baud rate as programmed by mode Register 1. The transmitted data changes on the 
falling edge of the clock. If the internal transmitter clock is programmed, this pin can 
be a 1X/16X clock output or an external jam synchronization input. 


18 


Standby 
Indicator 


SB 


Input: This general purpose signal can be used for "standby indicator" status from 
the DCE. Its complement appears in Status Register 2 bit 3 (SR23). When this input is 
enabled for interrupt via Status Reqister 2 bit 7 (SR27), a chanqe in its state will cause 
a low output on TxEMT/DSCHG. 


19 


Signalling Rate 
Indicator 


ST 


Input: This general purpose signal can be used for "signalling rate indicator" status 
from the DCE. Its complement appears in Status Register 2 bit 4 (SR24). When this 
input is enabled for interrupt via Status Reqister 2 bit 7 (SR27), a chanqe in its state 


will cause a low output on TxEMT/DSCHG. 


24 


Clear to Send 


CS 


Input: This signal must be low in order for the transmitter to function. If it goes high 
during transmission, the character in the Transmit Shift Register will be transmitted 
before termination. 


26 


Transmit Data 


TxD 


Output: Serial data from the transmitter. "Mark" is high, "Space" is low. This signal is 
held in the "Mark" condition when the transmitter is disabled. 


27 


Baud Rate Clock 


BRCLK 


Input: Clock input to the internal baud rate generator (See Tables 2a, b, andc); not 
required if the external receiver and transmitter clocks are used. 


29 


Data Mode 


DM 


Input: This general purpose signal can be used for Data Mode, Data Set Ready or Ring 
Indicator condition. Its complement appears as Status Reqister 1 bit 7 (SR17). DM 
causes a low output on TxEMT/DSCHG when its state changes if CR2 or CRO— 1. 


30 


Request to Send 


RS 


Output: This general purpose signal is the complement of the Command Register 
bit 5 (CR5). It is normally used to indicate Request to Send. If the Transmit Shift 
Register is not empty when CR5 is reset (1 to 0), then RS will go high on TxC time 
after the last serial bit is transmitted. 


31 


Terminal Ready 


TR 


Output: This general purpose signal is the complement of the Command Register 
bit 1 (CR1). It is normally used to indicate Terminal Ready. 


32 


Receive Clock/ 
Break Detect 


RxC/ 
BKDET 


Input or Output: If the external receiver clock is programmed, this input controls the 
rate at which the character is to be received. Its frequency is 1X, 16X, or 64X the Baud 
rate as programmed by Mode Register 1 . Data are sampled on the rising edge of the 
clock. If internal receiver clock is programmed, this pin can be a 1X/16Xclockora 
break detect output. 


34 


Receiver Ready 


RR 


Input: This siqnal must be low in order for the receiver to function. The complement 
appears in Status Register 1 bit 6 (SR16). RR causes a low output on TxEMT/DSCHG 
when its state changes if CR2 or CR0=1 . If RR goes high while receiving, the RxC is 
internally inhibited. 


35 


New Signal 


NS 


Output: This signal is used to tell the DCE that a new line signal at the DTE 
has occurred. This output will go to its low active state when the Output Register, 
bit (OR0) is set to a logic 1 . This output will go to itsJiigh inactive state when the 
Output Register bit (OR0) is set to a logic and theRR input goes high. 


36 


Local Loopback 


IE 


Output: This general purpose signal can be used to inform the DCE of a "local 
loopback" test condition. It is the complement of Output Register bit 1 (OR1 ) 
which has direct control over the state of this output. 


37 


Remote 
Loopback 


RL 


Output: This general purpose signal can be used to inform the DCE of a "remote 
loopback" test condition. It is the complement of Output Register bit 2 (OR2) 
which has direct control over the state of this output. 


38 


Select Standby 


SS 


Output: This general purpose signal can be used to select the normal or standby 
communication facilities of the DCE. It is the complement of Output Register bit 3 
(OR3) which has direct control over the state of this output. 


39 


Select 
Frequency/ 
Signal Rate 
Select 


SF/SR 


Output: This general purpose signal can be used as a combined "Select Frequency" 
and "Signal Rate Select". It is the complement of Output Register bit 4 (OR4) 
which has direct control over the state of this output. 


40 


Terminal in 
Service 


is 


Output: This general purpose signal can be used to inform the DCE of a 
"Terminal in Service" condition. It is the complement of Output Register bit 5 
(OR5) which has direct control over the state of this output. 
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Table 1 COM 2449 vs. COM 2661 


NEW INPUTS 


NEW OUTPUTS 


I/O SIGNAL NAME 
EQUIVALENTS 


Symbol 


Name 


Symbol 


Name 


COM 2449 COM 2661 


IC 


incoming call 


NS 


new signal 


DM DSR 


SQ 


signal quality 


IS 


terminal in service 


RR DCD 


TM 


test mode 


SF/SR 


select frequency/ 
signal rate select 


CS CTS 


SI 


signaling rate 
indicator 


EX 


local loop back 


TR DTR 


SB 


standby select 


RL 


remote loopback 


RS RTS 






SS 


standby select 





Table 2a BAUD RATE GENERATOR CHARACTERISTICS 
2449-1 (BRCLK=4.9152MHz) 







ACTUAL 








BAUD 


FREQUENCY 


PERCENT 




MR23-20 


RATE 


16X CLOCK 


ERROR 


DIVISOR 


0000 


50 


0.8kHz 


— 


6144 


0001 


75 


1.2 


— 


4096 


0010 


110 


1.7598 


-0.01 


2793 


0011 


134.5 


2.152 


— 


2284 


0100 


150 


2.4 


— 


2048 


0101 


200 


3.2 


— 


1536 


0110 


300 


4.8 


— 


1024 


0111 


600 


9.6 


— 


512 


1000 


1050 


16.8329 


0.196 


292 


1001 


1200 


19.2 


— 


256 


1010 


1800 


28.7438 


-0.19 


171 


1011 


2000 


31.9168 


-0.26 


154 


1100 


2400 


38.4 


— 


128 


1101 


4800 


76.8 


— 


64 


1110 


9600 


153.6 


— 


32 


1111 


19200 


307.2 


— 


16 



Table 2b BAUD RATE GENERATOR CHARACTERISTICS 
2449-2 (BRCLK=4.9152MHz) 







ACTUAL 








BAUD 


FREQUENCY 


PERCENT 




MR23-20 


RATE 


16X CLOCK 


ERROR 


DIVISOR 


0000 


45.5 


0.7279kHz 


0.005 


6752 


0001 


50 


0.8 


— 


6144 


0010 


75 


1.2 


— 


4096 


0011 


110 


1.7598 


-0.01 


2793 


0100 


134.5 


2.152 


— 


2284 


0101 


150 


2.4 


— 


2048 


0110 


300 


4.8 


— 


1024 


0111 


600 


9.6 


— 


512 


1000 


1200 


19.2 


— 


256 


1001 


1800 


28.7438 


-0.19 


171 


1010 


2000 


31.9168 


-0.26 


154 


1011 


2400 


38.4 


— 


128 


1100 


4800 


76.8 


— 


64 


1101 


9600 


153.6 


— 


32 


1110 


19200 


307.2 


— 


16 


1111 


38400 


614.4 


— 


8 



Table 2c BAUD RATE CHARACTERISTICS 




2449-3 (BRCLK=5.0688MHz) 










ACTUAL 








BAUD 


FREQUENCY 


PERCENT 




MR23-20 


RATE 


16X CLOCK 


ERROR 


DIVISOR 


0000 


50 


0.8kHz 


— 


6336 


0001 


75 


1.2 


— 


4224 


0010 


110 


1.76 


— 


2880 


0011 


134.5 


2.1523 


0.016 


2355 


0100 


150 


2.4 


— 


2112 


0101 


300 


4.8 


— 


1056 


0110 


600 


9.6 


— 


528 


0111 


1200 


19.2 


— 


264 


1000 


1800 


28.8 


— 


176 


1001 


2000 


32.081 


0.253 


158 


1010 


2400 


38.4 


— 


132 


1011 


3600 


57.6 


— 


88 


1100 


4800 


76.8 


— 


66 


1101 


7200 


115.2 


— 


44 


1110 


9600 


153.6 


— 


33 


1111 


19200 


316.8 


3.125 


16 



NOTE: 

16X clock is used in asynchronous mode. In synchronous mode, clock multiplier is 1Xand 

BRG can be used only for TxC. 



COM 2449 OPERATION 



The functional operation of the COM 2449 is programmed 
by a set of control words supplied by the processor. 
These control words specify items such as synchronous 
or asynchronous mode, baud rate, number of bits per 
character, etc. The programming procedure is described 
in the COM 2449 Programming section of this data sheet. 

After programming, the COM 2449 is ready to perform 
the desired communications functions. The receiver 
performs serial to parallel conversion of data received 
from a modem or equivalent device. The transmitter 
converts parallel data received from the processor to a 
serial bit stream. These actions are accomplished within 
the framework specified by the control words. 



Receiver 

The COM 2449 is conditioned to receive data when the 
RR input is low and the RxEN bit in the command 
register is true. In the asynchronous mode, the receiver 
looks for a high to low (mark to space) transition of the 
start bit on the RxD input line. If a transition is detected, 
the state of the RxD line is sampled again after a delay of 
one-half of a bit time. If RxD is now high, the search for 
a valid start bit is begun again. If RxD is still low, a valid 
start bit is assumed and the receiver continues to sample 
the input line at one bit time intervals until the proper 
number of data bits, the parity bit, and one stop bit have 
been assembled. The data is then transferred to the 
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COM 2449 INITIALIZATION FLOW CHART 



INITIAL RESET 

► 



LOAD 
MODE REGISTER 1 






LOAD 
MODE REGISTER 2 



LOAD 
DLE REGISTER 




NOTE 

Mode Register 1 must be written 
before 2 can be written. Mode Register 2 
need not be programmed if external 
clocks are used. 



NOTE 

SYN1 Register must be written 
before SYN2 can be written, and 
SYN2 before DLE can be written. 



A 




TRANSPARENT 
MODE? 



LOAD 
COMMAND REGISTER 



=3^ 




DISABLE RECEIVER 
AND TRANSMITTER 



Figure 1 
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Receive Data Holding Regi ster, the RxRDY bit in the 
status register is set, and the RxRDY output is asserted. 
If the character length is less than 8 bits, the high order 
unused bits in the Holding Register are set to zero. The 
Parity Error, Framing Error, and Overrun Error status 
bits are strob ed int o the status register on the positive 
going edge of RxC corresponding to the received char- 
acter boundary. If the stop bit is present, the receiver will 
immediately begin its search for the next start bit. If the 
stop bit is absent (framing error), the receiver will inter- 
pret a space as a start bit if it persists into the next bit 
time interval. If a break condition is detected (RxD is 
low for the entire character as well as the stop bit), only 
one character consisting of all zeros (with the Framing 
error status bit set) will be transferred to the Holding 
Register. The RxD input must return to a high condition 
before a search for the next start bit begins. 

Pin 25 can be programmed to be a break detect output 
by appropriate setting of MR27-MR24. If so, a detected 
break will cause that pin to go high. When RxD returns to 
mark for one RxC time, pin 25 will go low. Refer to the 
break detection timing diagram. 

When the COM 2449 is initialized into the synchronous 
mode, the receiver first enters the hunt mode on a to 1 
transition of RxEN (CR2). In this mode, as data is shifted 
into the Receiver Shift Register a bit at a time, the con- 
tents of the register are compared to the contents of the 
SYN1 register. If the two are not equal, the next bit is 
shifted in and the comparison is repeated. When the two 
registers match, the hunt mode is terminated and char- 
acter assembly begins. If the single SYN operation is 
programmed, the SYN DETECT status bit is set. If double 
SYN operation is programmed, the first character assem- 
bled after SYN1 must be SYN2 in order for the SYN 
DETECT bit to be set. Otherwise, the COM 2449 returns 
to the hunt mode. (Note that the sequence SYN1-SYN1- 
SYN2 will not achieve synchronization). When syn- 
chronization has been achieved, the COM 2449 con- 
tinues to assemble characters and transfers them to the 
Holding Register. The RxRDY status bit is set and the 
RxRDY output is asserted each time a character is assem- 
bled and transferred to the Holding Register. The Overrun 
error (OE) and Parity error (PE) status bits are set as 
appropriate. Further receipt of the proper SYN sequence 
sets the SYN DETECT status bit. If the SYN stripping 
mode is commanded, SYN characters are not trans- 
ferred to the Holding Register. Note that the SYN char- 
acters used to establish initial synchronization are not 
transferred to the Holding Register in any case. 

External jam synchronization can be achieved via pin 9 
by appropriate setting of MR27-MR24. When pin 9 is an 
XSYNC input, the internal SYN1, SYN1-SYN2, and DLE- 
SYN1 detection is disabled. Each positive going signal 
on XSYNC will cause the receiver to establish synchro- 
nization on the rising edge of the next RxC pulse. 
Character assembly will start with the RxD input at this 
edge. XSYNC may be lowered on the next rising edge of 
RxC. This external synchronization will cause the SYN 
DETECT status bit to be set until the status register is 
read. Refer to XSYNC timing diagram. 

Transmitter 

The COM 2449 is conditioned to transmit data when the 
CS input is low and the TxEN command register bit is 
set. The COM 2449 indicates to the processor that it can 
accept a character for transmi ssion b y setting the 
TxRDY status bit and asserting the TxRDY output. When 
the processor writes a character into the Transmit Data 
Holding Register, the TxRDY status bit is reset and the 
TxRDY output is returned to a high (false) state. Data 
is transferred from the Holding Register to the Transmit 



Shift Register when it is idle or has completed trans- 
mission of the previous character. The TxRDY condi- 
tions are then asserted again. Thus, one full character 
time of buffering is provided. 

In the asynchronous mode, the transmitterautomatically 
sends a start bit followed by the programmed number 
of data bits, the least significant bit being sentfirst. It then 
appends an optional odd or even parity bit and the pro- 
grammed number of stop bits. If, following transmission 
of the data bits, a new character is not available in the 
Transmit Holding Register, the TxD o utput remains in 
the marking (high) condition and the TxEMT/DSCHG 
output and its corresponding status bit are asserted. 
Transmission resumes when the processor loads a new 
character into the Holding Register. The transmitter can 
be forced to output a continuous low (BREAK) condi- 
tion by setting the Send Break command bit high. 

In the synchronous mode, when the COM 2449 is initially 
conditioned to transmit, the TxD output remains high and 
the TxRDY condition is asserted until the first characterto 
be transmitted (usually a SYN character) is loaded by the 
processor. Subsequent to this, a continuous stream of 
characters is transmitted. No extra bits (other than parity, 
if commanded) are generated by the COM 2449 unless the 
processor fails to send a new character to the COM 2449 
by the time the transmitter has completed sending the 
previous character. Since synchronous communication 
does not allow gaps between characters, the COM 2449 
asserts TxEMT and automatically "fills" the gap by 
transmitting SYN1s, SYN1-SYN2 doublets, or DLE-SYN1 
doublets, depending on the state of MR16 and MR17. 
Normal transmission of the message resumes when a new 
character is available in the Transmit Data Holding 
Register. If the SEND DLE bit in the command register is 
true, the DLE character is automatically transmitted 
prior to transmission of the message character in the 
transmit holding register. 

COM 2449 PROGRAMMING 

Prior to initiating data communications, the COM 2449 
operational mode must be programmed by performing 
write operations to the mode and command registers. 
In addition, if synchronous operation is programmed, 
the appropriate SYN/DLE registers must be loaded. The 
COM 2449 can be reconfigured at any time during pro- 
gram execution. A flow chart of the initialization process 
appears in Figure 1. 

The internal registers of the COM 2449 are accessed by 
applying specific signals to the C"E, R/W, A2, A1 and AO 
inputs. The conditions necessary to address each register 
are shown in Table 5. 





TABLE 5- 


-COM 2449 REGISTER ADDRESSING 


CE 


A2 


A1 


AO 


R/W 


FUNCTION 


1 


X 


X 


X 


X 


Tri-state data bus 

















Read receive holding register 
















Write transmit holding register 
















Read status register 1 















Write SYN1/SYN2/DLE registers 








1 








Read mode registers 1 and 2 








1 







Write mode registers 1 and 2 








1 







Read command register 








1 






Write command register 





1 











Read output register 





1 










Write output register 





1 










Read status register 2 
Write status register 2 



NOTE 

See AC Characteristics section for timing requirements. 
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The SYN1, SYN2, and DLE registers are accessed by 
performing write operations with the conditions A2=0, 
A1=0, A0=1, and R/W=1. The first operation loads the 
SYN1 register. The next loads the SYN2 register, and the 
third loads the DLE register. Reading or loading the 
mode registers is done in a similar manner. The first 
write (or read) operation addresses Mode Register 1, 
and a subsequent operation addresses Mode Register 2. 
If more than the required number of accesses are made, 
the internal sequencer recycles to point at the first 
register. The pointers are reset to SYN1 Register and 



Mode Register 1 by a RESET input or by performing a 
"Read Command Register" operation, but are unaffected 
by any other read or write operation. 

The COM 2449 register formats are summarized in 
Tables 6, 7, 8, 9, 10 and 11. Mode Registers 1 and 2 define 
the general operational characteristics of the COM 2449, 
while the Command Register controls the operation 
within this basic framework. The COM 2661 indicates 
its status in the two Status Registers. The status registers 
are cleared when a RESET input is applied. 



Table 6 illustrates Mode Register 1. Bits MR11 and MR10 
select the communication format and Baud rate multi- 
plier. 00 specifies synchronous mode and 1X multiplier. 
1X, 16X, and 64X multipliers are programmable for 
asynchronous format. However, the multiplier in asyn- 
chronous format applies only if the external clock input 
option is selected by MR24 or MR25. 

MR13 and MR12 select a character length of 5, 6, 7, or 8 
bits. The character length does not include the parity bit, 
if programmed, and does not include the start and stop 
bits in asynchronous mode. 

MR14 controls parity generation. If enabled, a parity bit 
is added to the transmitted character and the receiver 
performs a parity check on incoming data. MR15 selects 
odd or even parity when parity is enabled by MR14. 

In asynchronous mode, MR17 and MR16 select character 



MODE REGISTER 1 (MR1) 

framing of 1, 1.5, or 2 stop bits (if 1X baud rate is pro- 
grammed, 1.5, stop bits defaults to 1 stop bits on trans- 
mit). In synchronous mode, MR17 controls the number 
of SYN characters used to establish synchronization 
and for character fill when the transmitter is idle. SYN1 
alone is used if MR17=1, and SYN1-SYN2 is used when 
MR17=0. If the transparent mode is specified by MR16, 
DLE-SYN1 is used for character fill and SYN Detect, but 
the normal synchronization sequence is used. When 
transmitting, a DLE character in the transmit holding 
register will cause a second DLE character to be trans- 
mitted. This DLE stuffing eliminates the software DLE 
compare and stuff on each transparent mode data char- 
acter. If the send DLE command (CR3) is active when a 
DLE is loaded into THR, only one additional DLE will be 
transmitted. Also DLE stripping and DLE Detect (with 
MR14=0) are enabled. 



TABLE 6— MODE REGISTER 1 (MR1) 



MRU MR16 


MR1S 


MRU 


MR13 MR12 


MR11 MR10 


Sync/Atync 


Parity Type 


Parity Control 


Character Length 


Mode and Baud Rate Factor 


ASYNCH: STOP BIT LENGTH 










00=INVALID 


0=ODD 


= DISABLED 


00=5 BITS 


00=SYNCHRONOUS 1X RATE 


01=1 STOP BIT 


1=EVEN 


1=ENABLED 


01=6 BITS 


01=ASYNCHRONOUS 1X RATE 


10=1 'A STOP BITS 






10=7 BITS 


10=ASYNCHRONOUS 16X RATE 


11=2 STOP BITS 






11=8 BITS 


1 1 =ASYNCHRONOUS 64X RATE 


SYNCH: NUMBER SYNCH: TRANS- 


OF SYN CHAR PARENCY CONTROL 










0=DOUBLE SYN 0=NORMAL 










1=SINGLESYN 1 TRANSPARENT 











NOTE Baud rate factor In asynchronous applies only If external clock is selected. Factor is 15X if 
Internal clock is selected. Mode must be selected (MR11, MR10) in any case. 



MODE REGISTER 2 (MR2) 



Table 7 illustrates mode register 2 (MR23, MR22, MR21 
and MR20 control the frequency of the internal baud rate 
generator (BRG). Sixteen rates are selectable for each 
COM 2449 version (-1, -2, -3). Version 1 and 2 speci- 
fy a 4.9152 MHz TTL input at BRCLK (pin 20); version 
3 specifies a 5.0688 MHz input which is identical to the 



COM 2651 and COM 2661-3. MR23-20 are don't cares if 
external clocks are selected (MR25-24=0). The indi- 
vidual rates are given in table 2a, b and c. 

MR24-MR27 select the receive and transmit clock source 
(either the BRG or an external input) and the function 
at pins 9 and 25. Refer to table 7. 











TABLE 7— MODE REGISTER 2 (MR2) 






MR-27-MR24 


MR23-MR20 




TxC 


RxC 


Pin 9 


Pin 25 


TxC RxC Pin 9 Pin 25 


Mode 


Baud Rate Selection 


0000 


E 


E 


TxC 


RxC 


1000 E E XSYNC 1 RxC/TxC 


sync 




0001 


E 


I 


TxC 


1X 


1001 E I TxC BKDET 


async 




0010 


I 


E 


1X 


RxC 


1010 I E XSYNC 1 RxC 


sync 




0011 


I 


I 


1X 


1X 


1011 I I 1X BKDET 


async 


See baud rates in table 2 


0100 


E 


E 


TxC 


RxC 


1100 E E XSYNC RxC/TxC 


sync 




0101 


E 


I 


TxC 


16X 


1101 E I TxC BKDET 


async 




0110 


I 


E 


16X 


RxC 


1110 I E XSYNC 1 RxC 


sync 




0111 


I 


I 


16X 


16X 


1111 I I 16X BKDET 


async 





NOTES 

1. When pin 9 Is programmed as XSYNC Input, SYN1, SYN1-SYN2, and DLE-SYN1 detection is disabled. 
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E=External clock 

I = Internal clock (BRG) 

1X and 16X are clock outputs 



COMMAND REGISTER (CR) 



Table 8 illustrates the Command Register. Bits CRO (TxEN) 
and CR2 (RxEN) enable or disable the transmitter and 
receiver respectively. A to 1 transition of CR2 forces 
start bit search (async mode) or hunt mode (sync mode) 
on the second RxC rising edge. Disabling the receiver 
causes RxRDY to go high (inactive). If the transmitter is 
disabled, it will complete the transmission of the character 
in the Transmit Shift Register (if any) prior to terminat- 
ing operation. The TxD output will the n re main in the 
marking state (high while the TxRDY and TxEMT will 
go high (inactive). If the receiver is disabled, itwill termi- 
nate operation immediately. Any character being assem- 
bled will be neglected. Bits CR1 (TR) and CR5 (RS) 
control the TR and RS outputs. Data at the outputs 
are the logical complement of the register data. 

In asynchronous mode, setting CR3 will force and hold 
the TxD output low (spacing condition) at the end of the . 
current transmitted character. Normal operation resumes 
when CR3 is cleared. The TxD line will go high forat least 
one bit time before beginning transmission of the next 
character in the Transmit Data Holding Register. In syn- 
chronous mode, setting CR3 causes the transmission 
of the DLE register contents prior to sending the char- 
acter in the Transmit Data Holding Register. Since this is 
a one time command, CR3 does not have to be reset by 
software. CR3 should be set when entering and exiting 
transparent mode and for all DLE— non-DLE char- 
acter sequences. 

Setting CR4 causes the error flags in the Status Register 1 
(SR13, SR14, and SR15) to be cleared. This is a one time 
command. There is np_ internal latch for this bit. When 
CR5 (RS) is set, the RS pin is forced low and the trans- 
mit serjaMogic is enabled. A 1 to transition of CR5 will 
cause RS to go high (inactive) one TxC time after the 
last serial bit has been transmitted (if the transmit shift 
register was not empty). 

The COM 2449 can operate in one of four sub-modes 
within each major mode (synchronous or asynchronous). 
The operational sub-mode is determined by CR7 and 
CR6. CR7-CR6=00 is the normal mode, with the trans- 
mitter and receiver operating independently in accor- 
dance with the Mode and Status Register instructions. 

In asynchronous mode, CR7-CR6=01 places the COM 
2449 in the Automatic Echo mode. Clocked, regenerated 
received data are automatically directed to the TxD line 
while normal receiver operation continues. The receiver 
must be enabled (CR2 = 1), but the transmitter need not 
be enabled. Processor to receiver communications con- 
tinue normally, but the processor to transmitter link 
is disabled. Only the first character of a break condi- 
tion is echoed. The TxD output will go high until the 
next valid start is detected. The following conditions 
are true while in Automatic Echo mode: 
1. Data assembled by the receiver are automatically 



placed in the Transmit Holding Register and retrans- 
mitted by the transmitter on the TxD output. 

2. The tra nsmitter is clocked by the receive clock. 

3. TxR DY outp u t = 1. 

4. The TxEMT/DSCHG pin will reflect only the data set 
change condition. 

5. The TxEN command (CRO) is ignored. 

In synchronous mode, CR7-CR6=01 places the COM 
2449 in the Automatic SYN/DLE Stripping mode. The 
exact action taken depends on the setting of bits MR17 
and MR16: 

1. In the non-transparent, single SYN mode (MR17- 
MR16=10), characters in the data stream matching 
SYN1 are not transferred to the Receive Data Holding 
Register (RHR). 

2. In the non-transparent, double SYN mode (MR17- 
MR16=00), characters in the data stream matching 
SYN1, or SYN2 if immediately preceded by SYN1, are 
not transferred to the RHR. 

3. In transparent mode (MR16 = 1), characters in the 
data stream matching DLE, or SYN1 if immediately 
preceded by DLE, are not transferred to the RHR. 
However, only the first DLE of a DLE-DLE pair is 
stripped. 

Note that Automatic Stripping mode does not affect the 
setting of the DLE Detect and SYN Detect status bits 
(SR13 and SR15). 

Two diagnostic sub-modes can also be configured. In 
Local Loop Back mode (CR7-CR6=10), the following 
loops are connected internally: 

I.The transmitter output is connected to the receiver 
input. 

2. TR is connected to RR and RS is connected to CS. 

3. The receiver is clocked by the transmit clock. ' 

4. The TR, RS and TxD outputs are held high. 

5. The CS, RR, DM and RxD inputs are ignored. 

Additional requirements to operate in the Local Loop 
Back mode are that CRO (TxEN), CR1 (TR), and CR5 
(RS) must be set to 1. CR2 (RxEN) is ignored by the 
COM 2449. 

The second diagnostic mode is the Remote Loop Back 
mode (CR7-CR6 = 11). In this mode: 

1. Data assembled by the receiver is automatically 
placed in the Transmit Holding Register and retrans- 
mitted by the transmitter on the TxD output. 

2. The transmitter is clocked by the receive clock. 

3. No data are sent to the local processor, but the error 
stat us cond i tions (P E, O E, FE) are set. 

4. The RxRDY, TxRDY, and TxEMT/DSCHG outputs are 
held high. 

5. CR1 (TxEN) is ignored. 

6. All other signals operate normally. 



CR7 | CR6 


CR5 


CR4 


CR3 


CR2 


CR1 


CRO 


Operating Mode 


Request to 
Send 


Reset Error 


Sync/Async 


Receive 
Control (RxEN) 


Terminal 
Ready 


Transmit 
Control (TxEN) 


00=NORMAL OPERATION 
01=ASYNCH: AUTOMATIC 
ECHO MODE 
SYNCH: SYN AND/OR 
DLE STRIPPING MODE 

10=LOCAL LOOP BACK 
REMOTE LOOP BACK 


0=FORCERS 
OUTPUT HIGH 
ONE CLOCK 
TIME AFTER 
TxSR SERIAL- 
IZATION 

1=FORCERS 
OUTPUT LOW 


0=NORMAL 
1= RESET 
ERROR FLAG 
IN STATUS 
(FE, OE, 

PE/DLE DETECT) 


ASYNCH: 
FORCE BREAK 

0=NORMAL 
1=FORCE 
BREAK 


0=DISABLE 
1=ENABLE 


= FORCETR 
OUTPUT HIGH 

1 = FORCE TR 
OUTPUT LOW 


= DISABLE 
1=ENABLE 


SYNCH: 
SEND DLE 

0=NORMAL 
1=SENDDLE 



TABLE 8— COMMAND REGISTER (CR) 
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STATUS REGISTER 1 (SR1) 



The data contained in the Status Register 1 (as shown in 
Table 9) indicate receiver and transmitter conditions and 
modem/data set status. 

SR10 is the Transmitter Ready (TxRDY) status bit. It, and 
its corresponding output, are valid only when the trans- 
mitter is enabled. If equal to 0, it indicates that the 
Transmit Data Holding Register has been loaded by the 
processor and the data has not been transferred to the 
Transmit Shift Register. If set equal to 1, it indicates that 
the Holding Register is ready to accept data from the 
processor. This bit is initially set when the Transmitter 
is enabled by CRO, unless a character has previously 
been loaded into the Holding Register. It is not set when 
the Automatic Echo or Remote Loo p Back modes are 
programmed. When this bit is set, the TxRDY output pin 
is low. In the Automatic Echo and Remote Loop Back 
modes, the output is held high. 

SR11, the Receiver Ready (RxRDY) status bit, indicates 
the condition of the Receive Data Holding Register. Ifset.it 
indicates that a character has been loaded into the 
Holding Register from the Receive Shift Register and is 
ready to be read by the processor. If equal to zero, there 
is no new character in the Holding Register. This bit is 
cleared when the processor reads the Receive Data 
Holding Regist er or wh en the receiver is disabled by CR2. 
When set, the RxRDY output is low. 

The TxEMT/DSCHG bit, SR12, when set, indicates a 
change of state of the DM or RR inputs (when CR2 or 
CR0 = 1), the Si, SB, SQ, TM or TC inputs (when 
SR25, SR26, or"SR27 = 1) or that the Transmit Shift 
Register has completed transmission of a character 
and no new character has been loaded into the Transmit 
Data Holding Register. Note that in synchronous mode 
this bit will be set even though the appropriate "fill" 
character is transmitted. TxEMT will not go active until 
at least one character has been transmitted. It is cleared 
by loading the Transmit Data Holding Register. The 
DSCHG condition is enabled when TxEN =1 or RxEN = 1 . 



It is cleared when status register 1 is read by the 
processor. If status register 1 is read twice and SR12 = 1 
while SR16 and SR17 remain unchange d, then a TxEMT 
condition exists. When SR12 is set, the TxEMT/DSCHG 
output is low. 

SR13, when set, indicates a received parity error when 
parity is enabled by MR14. In synchronous transparent 
mode (MR16=1), with parity disabled, it indicates that 
a character matching the DLE Registerhas been received, 
and the present character is neither SYN1 nor DLE. This 
bit is cleared when the next character following the 
above sequence is loaded into the Receive Data Holding 
Register, when the receiver is disabled, or by a reset 
error command, CR4. 

The Overrun Error status bit, SR14, indicates that the 
previous character loaded into the Receive Holding 
Register was not read by the processor at the time a new 
received character was transferred into it. This bit is 
cleared when the receiver is disabled and by the Reset 
Error command, CR4. 

In asynchronous mode, bit SR15 signifies that the re- 
ceived character was not framed by a stop bit, i.e., only 
the first stop bit is checked. If the RHR contains all 
0's when SR15 = 1, a break condition is present. In syn- 
chronous non-transparent mode (MR16=0), it indicates 
receipt of the SYN1 character in single SYN mode or the 
SYN1-SYN2 pair in double SYN mode. In synchronous 
transparent mode (MR16=1), this bit is set upon detec- 
tion of the initial synchronizing characters (SYN1 or 
SYN1-SYN2) and, after synchronization has been 
achieved, when a DLE-SYN1 pair is received. The bit is 
reset when the receiver is disabled, when the Reset Error 
command is given in asynchronous mode, or when 
Status Register 1 is read by the processor in the syn- 
chronous mode. 

SR16 and SR17 reflect the conditions of the RR and DM 
inputs respectively. A low input sets the corresponding 
status bit and a high input clears it. 



SR17 


SR16 


SR15 


SR14 


SR13 


SR12 


SR11 


SR10 


Data Mode 


Receiver Ready 


FE/SYN Detect 


Overrun 


PE/DLE Detect 


TxEMT/DSCHG 


RxRDY 


TxRDY 


0=DM INPUT 
IS HIGH 

1=DM INPUT 
IS LOW 


0=RR INPUT 
IS HIGH 

1=RR INPUT 
IS LOW 


ASYNCH: 

0=NORMAL 

1=FRAMING 

ERROR 


0=NORMAL 

1=OVERRUN 

ERROR 


ASYNCH: 

0=NORMAL 
1=PARITY 
ERROR 


0=NORMAL 
1=CHANGE 
IN DSR OR 
DCD, OR 
TRANSMIT 
SHIFT REGIS- 
TER IS 
EMPTY 


0=RECEIVE 
HOLDING REG 
EMPTY 
1=RECEIVE 
HOLDING REG 
HAS DATA 


0=TRANSMIT 
HOLDING 
REG BUSY 
1=TRANSMIT 
HOLDING 
REG EMPTY 


SYNCH: 

0=NORMAL 
1=SYN CHAR 
DETECTED 


SYNCH: 

0=NORMAL 
1=PARITY 
ERROR 

OR 
DLE CHAR 
RECEIVED 



TABLE 9— STATUS REGISTER 1 (SR1) 
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The Data contained in the 5 least significant bits (SR20 
to SR24) reflect the conditions of the IC, TM, SQ, SB 
and SI inputs respectively. A low input sets the corre- 
sponding status bit high and a high input clears the 
corresponding status bit low. These 5 bits or read only. 

The three most significant bits (SR25 to SR27) allow 
interrupts to be enabled on the 5 inputs reflected in 
SR20 to SR24. 

Setting SR25 enables an interrupt to occur when the IC 



STATUS REGISTER 2 (SR2) 

input signal experiences a change of state. Setting SR26 
enables an interrupt to occur when the TM input signal 
experiences a change of state. Setting SR27 enables an 
interrupt to occur when the SQ, SI, or SB input signals 
experience a change of state. A ll interrupts ena bled in 
these 3 bits will be reflected in the DSCHG/TxEMT output 
signal and its corresponding status bit (SR12). These 3 
bits can be read as well as written according to Table' 
5. Table 10 illustrates bit assignments of Status Register 2. 



SR27 


SR26 


SR25 


SR24 


SR23 


SR22 


SR21 


SR20 


Interrupt 


Interrupt 


Interrupt 


Signal Rate 


Standby 


Signal 


Test 


Incoming 


Enable 1 


Enable 2 


Enable 3 


Indication 


Indicator 


Quality 


Mode 


Call 


1 1NTERRUPT 


1 INTERRUPT 


1 = INTERRUPT 


= Sl INPUT 


0=SB INPUT 


0=SQ INPUT 


0=TM INPUT 


0=iC INPUT 


ON SQ, SI, SB 


ON TM STATE 


ON IC STATE 


IS HIGH 


IS HIGH 


IS HIGH 


IS HIGH 


IS HIGH 


STATE 


CHANGE 


CHANGE 


1=SI INPUT 


1=SB INPUT 


1=SQ INPUT 


1=TM INPUT 


1 = IC INPUT 


CHANGE 






IS LOW 


IS LOW 


IS LOW 


IS LOW 


IS LOW 



TABLE 10— STATUS REGISTER 2 (SR2) 



OUTPUT REGISTER (OR) 

This 6 bit read write register (OR5-OR0) controls the 6 OR0 when set to a logic 1 will cause the NS~ output to 

new output signals added to the_COM2449._OR5-1 become low. When PRO is set to a logic the NS output 

directly control the state of the IS, SF/SR, SS, RL, and will not change until the RR input goes high. 

LL respectively. Tab i e ^ illustrates bit positions of the Output Register. 



OR7 


OR6 


OR5 


OR4 


OR3 


OR2 


OR1 


OR0 








Select 














Terminal 


Frequency/ 


Select 


Remote 


Local 


New 






In service 


Signal rate 
select 


Standby 


Loopback 


Loopback 


Signal 


DONT 


DON'T 


= iS OUTPUT 


0=SF/SR OUTPUT 


0=SS OUTPUT 


0=RL OUTPUT 


0=LT OUTPUT 


= NS OUTPUT GOES 


CARE 


CARE 


GOES HIGH 


HIGH 


HIGH 


GOES HIGH 


GOES HIGH 


HIGH ONLY WHEN 






1=IS OUTPUT 


1=SF/SR OUTPUT 


1=SS OUTPUT 


1=RL OUTPUT 


1 = RL OUTPUT 


RR INPUT GOES HIGH 






GOES LOW 


LOW 


LOW 


GOES LOW 


GOES LOW 


1=NS OUTPUT GOES 
LOW 



TABLE 11— OUTPUT REGISTER (OR) 
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00 
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I ' I J I " ■ 



DATA 3 
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READ 

RHR 

(DATA 2) 



READ 

RHR 

(DATA 3) 



READ 

RHR 

(DATA 3) 



2-< 



A i 1 I 2 i 3 I 4 | SiBiC A , 1 |2i3|4i5iB|C| |D 



I ' I J I - I 



NOTES 

A Start bit 

B Stop bit 1 

C Stop bit 2 

D TxD marking condition 



U_L 



A |1|2|3|4|5|B|C A | 1 | 2 | 3 | 




READ 

RHR 

(DATA 3) 



SECTION III 



TIMING DIAGRAMS (Cont'd) 



RESET 



-J \ 



CLOCK 



BRCLK. TxC. R"xC" 



-•— "r/tl ■ 



'BRG- 



\ / V_ 



TxC 
(INPUT) 



X 



TRANSMIT 



1 BIT TIME 
(1. 16. OR 64 CLOCK PERIODS) 



RECEIVE 



*V 



TxC 
(OUTPUT) 



X 



RxC(1X) 



^ 



J C 



/ 



READ AND WRITE 



EXTERNAL SYNCHRONIZATION WITH XSYNC 

IC jTJTj-Ln_n_rL 

t..-*| \+— | t.,= XSYNC SETUP TIME = 300ns 

I , I t„ = XSYNC HOLD TIME= ONE RxC 



\ 



'as-H 
v r 

'cs-*-! 



Dc-D, 
(WRITE) 



D„-D* BUS 

(READ) FLOATING 



X. 



DATA VALID 



'dd — *\ -*■ 



it V- 



5C 



DGXDCDODCDCDC 



— H H-'d 

«DF I"*- 



v 

CHARACTER ASSEMBLY 



BREAK DETECTION TIMING 



BUS FLOATING 



Rx CHARACTER = 5 BITS, NO PARITY 



! LOOK FOR START BIT= LOWIIF RxD IS HIGH,! 
| LC OK FOR HIGH TO LOW TRANSITION) j 

f FALSE* START BIT CHECK MADE (RxD LOW) I 



MISSING STOP BIT. 
DETECTED 
SET FE BIT* 



J 



NOTE 

'It the stop bit is present, the start bit 
search will commence Immediately. 



MISSING STOP BIT DETECTED, 

SET FE BIT. 

0-RHR, ACTIVATE RxRDY. 
SET BKDET PIN. 

RxD INPUT- RxSR UNTIL A MARK 
TO SPACE TRANSITION OCCURS. 
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MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range 0°C to + 70°C 

Storage Temperature Range - 55°C to + 150°C 

Lead Temperature (soldering, 10 sec.) + 325°C 

Positive Voltage on any Pin, with respect to ground + 18.0V 

Negative Voltage on any Pin, with respect to ground -0.3V 

"Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or at any other condition above those indicated in the operational sections of this 
specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maximum 
Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes or "glitches" on their 
outputs when the AC power is switched on and off. In addition, voltage transients on the AC power line may appear on the 
DC output. For example, the bench power supply programmed to deliver +12 volts may have large voltage transients when 
the AC power is switched on and off. If this possibility exists it is suggested that a clamp circuit be used. 

DC ELECTRICAL CHARACTERISTICS T A =0°C to +70°C, V CC =5.0V±5% 



PARAMETER 


MIN 


TYP 


MAX 


UNIT 


TEST CONDITIONS 


Input voltage 
Vil Low 
V IH High 


2.0 




0.8 


V 




Output voltage 
Vol Low 
Voh High 


2.4 




0.4 


V 


loL=2.2mA 
Ioh=-400/^A 


Iil Input leakage current 






10 


VA 


V IN =0 to 5.5V 


Output leakage current 
Ilh Data bus high 
III Data bus low 






10 
10 


/iA 


V o =4.0V 
V o =0.45V 


Ice Power supply current 






150 


mA 




Capacitance 
Cin Input 
Cout Output 
Ci/o Input/Output 






20 
20 
20 


PF 
PF 
PF 


fc=1MHz 

Unmeasured pins tied 
to ground 



AC ELECTRICAL CHARACTERISTICS T A =0°C to +70° C, V CC =5.0V±5% 



PARAMETER 


MIN 


TYP 


MAX 


UNIT 


TEST CONDITIONS 


Pulse width 
tREs Reset 
tee Chip enable 


1000 
250 






ns 
ns 




Setup and hold time 
tAs Address setup 
t A H Address hold 
tcs R/W control setup 
tcH R/W control hold 
t D s Data setup for write 
t D H Data hold for write 
t RX s Rx data setup 
t R xH Rx data hold 


10 
10 
10 
10 
150 

300 
350 






ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 




t D D Data delay time for read 
t D F Data bus floating time 

for read 
tcED CE to CE delay 


600 




200 
100 


ns 

ns 
ns 


C L =150pF 
C L =150pF 


Input clock frequency 
f B RG Baud rate generator 

(2449-1,-2) 
f B RG Baud rate generator 

(2449-3) 
fR/ T ' TxC or RxC 


1.0 
1.0 
dc 


4.9152 
5.0688 


4.9202 

5.0738 

1.0 


MHz 
MHz 
MHz 




Clock width 
t B RH Baud rate high 

(2449-1,-2) 
t B RH Baud rate high 

(2449-3) 
t B RL Baud rate low 

(2449-1 , -2) 
t B RL Baud rate low 

(2449-3) 

tFVTHi TxC or RxC high 
tfvTL TxC or RxC low 


75 

70 

75 

70 

480 
480 






ns 
ns 


f B RG=4.915MHz; measured 

at V IH 
f B RG= 5. 0688MHz; measured 

atV IH 
fBRG :z: 4.915MHz; measured 

atV IL 
f B RG=5.0688MHz; measured 

at V| L 


tixD TxD delayJrojri falling 
edge of TxC 

t T cs Skew between TxD 

changing and falling 
edge of TxC output 







650 


ns 
ns 


C L =150pF 
C L =150pF 



NOTE: 

1. fivr and t R/ TL shown all modes except Local Loopback. For Local Loopback mode 
f R/T =0.7MHz and tR/TL=700ns min. 
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TYPICAL APPLICATIONS 



ASYNCHRONOUS INTERFACE 
TO CRT TERMINAL 



ADDRESS BUS 



I 



CONTROL BUS 



ML 



-M 



EIA TO TTL 

CONVERT 

(OPT) 



L J 




SYNCHRONOUS INTERFACE 

TO TERMINAL OR 

PERIPHERAL DEVICE 



r~ 


ADDRESS BUS 


\ 








r~ 


CONTROL BUS 


\ 


1 








r_ 


DATA BUS 


\ 




COM 2449 


RiD 
T«D 
R»C 






SYNCHRONOUS 

TERMINAL 

OR PERIPHERAL 

DEVICE 















ASYNCHRONOUS INTERFACE 
TO TELEPHONE LINES 



SYNCHRONOUS INTERFACE 
TO TELEPHONE LINES 



ADDRESS BUS 



CONTROL BUS 



CM 



COM 2449 cs 



PHONE 
LINE 

INTER- 
FACE 




STANDARD MICROSYSTEMS 
CORPORATION^ 

— ■— — — — ^? 

We keep ahead of our caipelltkn so you can keep ahead of yours. 



Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions, consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
C0RPORATI0N^^^= 



COM 2601 



Universal Synchronous Receiver/Transmitter 

USRT 



FEATURES 

□ STR, BSC— Bi-sync and interleaved bi-sync 
modes of operation 

□ Fully Programmable— data word length, parity 
mode, receiver sync character, transmitter 
sync character 

□ Full or Half Duplex Operation — can receive and 
transmit simultaneously at different baud rates 

□ Fully Double Buffered — eliminates need for 
precise external timing 

□ Directly TTL Compatible— no interface 
components required 

□ Tri-State Data Outputs— bus structure oriented 

□ IBM Compatible— internally generated SCR 
and SCT signals 

□ High Speed Operation— 250K baud, 200ns 
strobes 

□ Low Power— 300mW 

□ Input Protected — eliminates handling problems 

□ Dip Package— easy board insertion 

APPLICATIONS 

□ Bi-Sync Communications 

□ Cassette I/O 

□ Floppy Disk I/O 

GENERAL DESCRIPTION 

The Universal Synchronous Receiver/Transmitter 
is an MOS/LSI monolithic circuit that performs all 
the receiving and transmitting functions 
associated with synchronous (STR, BSC, Bi-sync, 
and interleaved bi-sync) data communications. 
This circuit is fabricated using SMC's P-channel 
low voltage oxide-nitride technology, allowing 
all inputs and outputs to be directly TTL 
compatible. The duplex mode, baud rate, data 
word length, parity mode, receiver sync character, 
and transmitter sync character are independently 
programmable through the use of external 
controls. The USR/T is fully double buffered and 
internally generates the sync character received 
and sync character transmitted signals. These 
programmable features provide the user with the 
ability to interface with all synchronous peripherals. 



PIN CONFIGURATION 































Vcc C 


1 40 


3 POE 






TBMT f_ 


2 39 ] CS 






tso r_ 


3 38 


2 NDB1 






Gnd [ 


4 37 


3 NPB 






SCT £ 


5 36 


3 NDB2 






Vdd C 


6 35 


J RD1 






dbi r_ 


7 34 


3 RD2 






DB2 C 


8 33 ] RD3 






DB3 r_ 


9 . , 32 


3 RD4 






DB4 [ 


10 31 


3 RD5 






DB5 C 


11 30 


3 RD6 






DB6 C 


12 I I 29 


3 RD7 






DB7 [ 


13 28 


3 RD8 






DB8 r_ 


14 27 


3 ROR 






RR C 


15 26 


3 RDA 






RPE C 


16 25 


3 RDE 






SCR r_ 


17 24 


] RDAR 






TSS C 


18 23 


D RCP 






TCP C 


19 22 


3 rsi 






TDS C 


20 21 


] RSS 






PACKAGE: 40-Pin 


D.I. P. 




FUNCTIONAL BLOCK DIAGRAM 






OB8 DB7 DB6 DB5 OB4 OB3 DB2 DB1 










I I I 7 I 1 T T 
14 13 12 11 10 9 8 7 






TDS 

TCP 

TBMT 

SCT 

CS 

NDB1 
NDB2 
POE 
NPB 

RR 
RCP 
SCR 
RPE 
ROR 
RDA 

RDAR 
RSI 

RDE 


20 






DATA BUS 






18 


TSS 

TSO 
RSS 

Vcc 
Vdd 






U 




U 








TRANSMITTER 

DATA 

REGISTER 




TRANSMITTER 

SYNC 

REGISTER 


t- 














3 






n 




n 










, MULTIPLEXER 




TIMING 
AND 

CONTROL 
TRANS- 
MITTER 




19 




2 
( 5 

39 




4^ 






( TRANSMITTER 
SHIFT REGISTER 
























38 








CONTROL 
REGISTER 




3S 




</ 




40 
~37~j 

15 l 




RECEIVER 

SYNC 

REGISTER 


21 


















TIMING 
AND 

CONTROL 
RECEIVER 






23' 

frr 

J 26 
24 




"^i* 






COMPARATOR 




















T ' 


I 






• RECEIVER 

t SHIFT REGISTER 






22 




25 






















t 


± 




1 




+ RECEIVER BUFFER REGISTER 


■ 6 




J28 J29 |30 J31 |32 J33 J34 ]35 4 








RD8 RD7 RD6 RD5 RD4 RD3 RD2 RD1 
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DESCRIPTION OF PIN FUNCTIONS 



PIN NO. 


SYMBOL 


NAME 


FUNCTION 


1 


Vcc 


Power Supply 


+5 volt Supply 


2 


TBMT 


Transmitter 
Buffer Empty 


This output is at a high-level when the transmitter data 
buffer register may be loaded with new data. 



TSO Transmitter This output serially provides the entire transmitted 

Serial Output character. This character is extracted from the transmitter 

data buffer register provided that aTDS pulseoccursduring 
the presently transmitted character. If TDS is not pulsed, 
the next transmitted character will be extracted from the 
transmitter sync register. 



GND 



Ground 



Ground 



SCT Sync Character This output is set high when the character loaded into the 

Transmitted transmitter shift register is extracted from the transmitter 

sync register, indicating that theTDS was not pulsed during 
the previously transmitted character. This output is reset 
low when the character to be transmitted is extracted from 
the transmitter data buffer register. This can only occur if 
TDS is pulsed. 



Vdd 



Power Supply 



-12 volt Supply 



7-14 DB1-DB8 Data Bus Inputs 



This 8 bit bus inputs information into the receiver sync 
register under control of the RSS strobe, intothetransmitter 
sync register under control of the TSS strobe, and into the 
transmitter data buffer register under control of the TDS 
strobe. The strobes operate independently of each other. 
Unused bus inputs may be in either logic state. The LSB 
should always be placed on DB1. 



15 



RR 



Receiver Reset This input should be pulsed to a high-level after power 

turn-on. This resets the RDA, SCR, ROR, and RPE outputs 
to a low-level. The transition of the RR input from a high- 
level to a low-level sets the receiver into the search mode 
(bit phase). In the search mode the serially received data bit 
stream is examined on a bit by bit basis until async character 
is found. A sync character is found, by definition, when the 
contents of the receiver sync register and the receiver 
shift register are identical. When this occurs the SCR output 
is set high. This character is then loaded into the receiver 
buffer register and the receiver is set into the character 
mode. In this mode each character received is loaded into 
the receiver buffer register. 



16 



RPE 



Receiver 
Parity Error 



This output is a high-level if the received character parity 
bit does not agree with the selected parity. 
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DESCRIPTION OF PIN FUNCTIONS 



PIN NO. SYMBOL 



NAME 



FUNCTION 



17 SCR Sync Character This output is set high each time the character loaded into 

Received the receiver buffer register is identical to the character in 

the receiver sync register. This output is reset low the next 
time the receiver buffer register is loaded with a character 
which is not a sync character. 



18 


TSS 


Transmitter Sync 
Strobe 


A high-level input strobe loads the character on the DB1- 
DB8 lines into the transmitter sync register. 


19 


TCP 


Transmitter Clock 


The positive going edge of this clock shifts data out of 
the transmitter shift register, at a baud rate equal to the 
TCP clock frequency. 


20 


TDS 


Transmitter Data 
Buffer Strobe 


A high-level input strobe loads the character on the DB1- 
DB8 lines into the transmitter data buffer register. 


21 


RSS 


Receiver Sync 
Strobe 


A high-level input strobe loads the character on the DB1- 
DB8 lines into the receiver sync register. 


22 


RSI 


Receiver Serial Input 


This input accepts the serial bit input stream. 


23 


RCP 


Receiver Clock 


The negative-going edge of this clock shifts data into the 
receiver shift register, at a baud rate equal to the RCP 
clock frequency. 


24 


RDAR 


Receiver Data 
Available Reset 


A high-level input resets the RDA output to a low-level. 


25 


RDE 


Received Data 
Enable 


A high-level input enables the outputs (RD8-RD1 ) of the 
receiver buffer register 


26 


RDA 


Receiver Data 
Available 


This output is at a high-level when an entire character has 
been received and transferred into the receiver buffer 
register. 


27 


ROR 


Receiver Over- 
Run 


This output is at a high-level if the previously received 
character is not read (RDA not reset) before the present 
character is transferred into the receiver buffer register. 



28-35 RD8-RD1 



Receiver Data These are the 8 tri-state data outputs enabled by RDE. 

Output Unused data output lines, as selected by NDB1 and NDB2, 

have a low level output, and received characters are right 
justified, i.e. the LSB always appears on the RD1 output. 



36,38 NDB2, Number of Data These 2 inputs are internally decoded to select either5, 6, 7, 

NDB1 Bits or 8 data bits/character as per the following truth table: 



DB2 


NDB1 


data bits/character 


L 


L 


5 


L 


H 


6 


H 


L 


7 


H 


H 


8 
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DESCRIPTION OF PIN FUNCTIONS 



PIN NO. SYMBOL 



NAME 



FUNCTION 



37 NPB 



No Parity Bit 



A high-level input eliminates the parity bit from being 
transmitted. In addition, it is necessary that the received 
character contain no parity bit. Also, the RPE output is 
forced to a low-level. See pin 40, POE. 



39 CS Control Strobe A high-level input enters the control bits (NDB1, NDB2, 

POE, and NPB) into the control bits register. This line may 
be strobed or hard wired to a high-level. 

40 POE Odd/Even Parity The logic level on this input, in conjunction with the NPB 

Select input, determines the parity mode for both the reciever and 

transmitter, as per the following table: 



NPB POE 

L L 

L H 

H X 



MODE 
odd parity 
even parity 
no parity 
X = don't care 



ADDITIONAL TIMING INFORMATION 
(Typical Propagation Delays) 



Transmitter 



TCP. 



OUTPUT 




OUTPUT Tpdq Tpdi UNITS 

TBMT NA 2.0 us 

SCT 1.0 1.5 us 

TSO 1.0 1.0 us 



Receiver 



RCPi 



OUTPUT 




OUTPUT 


TPDO 


TPD1 


RDA 


NA 


1.0 


ROR 


2.0 


2.5 


RPE 


2.0 


2.5 


SCR 


2.0 


2.5 


RD1-RD8 


2.5 


2.5 




I 
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MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range 0° C to +70° C 

Storage Temperature Range —55° C to +150° C 

Lead Temperature (soldering, 10 sec.) +325° C 

Positive Voltage on any Pin, Vcc +0.3V 

Negative Voltage on any Pin, Vcc —25 V 



'Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 

ELECTRICAL CHARACTERISTICS (Ta = 0° C to 70° C, Vcc = +5V ±5%, Vdd = -12V ±5%, unless otherwise noted) 



Parameter 



Min 



Typ Max Unit 



Conditions 



D.C. CHARACTERISTICS 

INPUT VOLTAGE LEVELS 

Low-level, Vil 

High-level, Vih 
OUTPUT VOLTAGE LEVELS 

Low-level, Vol 

High-level, Voh 
INPUT CURRENT 

Low-level, Iil 
OUTPUT CURRENT 

Leakage, Ilo 

Short circuit, los** 
INPUT CAPACITANCE 

All inputs, Cin 
OUTPUT CAPACITANCE 

All outputs, Cout 
POWER SUPPLY CURRENT 

Ice 

Idd 
A.C. CHARACTERISTICS 
CLOCK FREQUENCY 
PULSE WIDTH 

Clock 

Receiver reset 

Control strobe 

Transmitter data strobe 

Transmitter sync strobe 

Receiver sync strobe 

Receiver data available 
reset 
INPUT SET-UP TIME 

Data bits 

Control bits 
INPUT HOLD TIME 

Data bits 

Control bits 
STROBE TO OUTPUT DELAY 

Receive data enable 
OUTPUT DISABLE DELAY 



Vdd 
Vcc-1.5 




0.8 
Vcc 


V 
V 




2.4 


0.2 
4.0 


0.4 


V 
V 


Iol = 1.6mA 
loH = -100/yA 






1.6 


mA 


see note 1 






-1 
10 


//A 
mA 


RDE = Vil, O <Vout < +5V 
Vout = 0V 




5 


10 


Pf 


ViN = Vcc,f=1MHz 




10 


20 


Pf 


Rde = Vil, f = 1MHz 






28 
28 


mA) 
mA) 


All outputs = Voh 


DC 




250 


KHz 


Ta = +25°C 
RCP, TCP 


1 

1 
200 
200 
200 
200 






yus 
ns 
ns 
ns 
ns 


RCP, TCP 

RR 

CS 

TDS 

TSS 

RSS 


200 






ns 


RDAR 



>0 
>0 

>0 
>0 



180 
100 



250 
250 



ns DB1-DB8 

ns NPB, NDB2, NDB1.POE 

ns DB1-DB8 

ns NPB.NDB2, NDB1.POE 

Load = 20pf+1TTL input 

ns RDE:Tpdi,Tpdo 

ns RDE 



"Not more than one output should be shorted at a time. 

NOTES: 

1 . Under steady state condition no current flows for TTL or MOS interfacing. A switching current of 1.6 mA 
maximum flows during a transition of the input. 

2. The three-state output has 3 states: 

1) low impedance to Vcc 

2) low impedance to GND 

3) high impedance OFF s 10M ohms 

The OFF state is controlled by the RDE input. 
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DESCRIPTION OF OPERATION — RECEIVER/TRANSMITTER 



The input clock frequency for the receiver is set at 
the desired receiver baud rate and the desired 
receiver sync character (synchronous idle charac- 
ter) is loaded into the receiver sync register. When 
the Receiver Reset input transitions from a high- 
level to a low-level the receiver is set into the search 
mode (bit phase). In the search mode the serially 
received data bit stream is examined on a bit by bit 
basis until a sync character is found. A sync charac- 
ter is found, by definition, when the contents of the 
receiver sync register and the receiver shift register 
are identical. When this occurs the Sync Character 
Received output is set high. This character is then 
loaded into the receiver buffer register and the 
receiver is set into the character mode. In this mode 
each character received is loaded into the receiver 
buffer register. The receiver provides flags for Re- 
ceiver Data Available, Receiver Over Run, Receiver 
Parity Error, and Sync Character Received. Full 
double buffering eliminates the need for precise 
external timing by allowing one full character time 
for received data to be read out. 

The input clock frequency for the transmitter is set 



at the desired baud rate and the desired transmitter 
sync character is loaded into the transmitter sync 
register. Internal logic decides if the character to be 
transmitted out of the transmitter shift register is 
extracted from the transmitter data register or the 
transmitter sync register. The next character trans- 
mitted is extracted from the transmitter data register 
provided that a Transmitter Data Strobe pulse 
occurs during the presently transmitted character. 
If the Transmitter Data Strobe is not pulsed, the next 
transmitted character is extracted from the trans- 
mitter sync register and the Sync Character Trans- 
mitted output is set to a high level. Full double buffer- 
ing eliminates theneedforpreciseexternal timing by 
allowing one full character time to load the next 
character to be transmitted. 

There may be 5, 6, 7, or 8 data bits and odd/even 
or no parity bit. All inputs and outputs are directly 
TTL compatible. Tri-state data output levels are 
provided for the bus structure oriented signals. 
Input strobe widths of 200ns, output propagation 
delays of 250ns, and receiver/transmitter rates of 
250K baud are achieved. 



FLOW CHART— TRANSMITTER 



TURN POWER ON 

SET CONTROL BITS — PULSE CS 

SET SYNC CHARACTER ONTO THE DATA BUS — PULSE TSS 

SELECT BAUD RATE-TCP 



TRANSMIT 1 BIT 




SET DATA BITS ONTO 
DATA BUS-PULSE TDS 
TBMT = 



SET SYNC CHARACTER 
ONTO DATA BUS - 
PULSE TSS 



LOAD TRANSMITTER SHIFT 
REGISTER FROM TRANSMITTER 
DATA REGISTER 
SCT = 
TBMT = 1 



LOAD TRANSMITTER SHIFT 
REGISTER FROM TRANSMITTER 
SYNC REGISTER 
SCT = 1 
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FLOW CHART— RECEIVER 



TURN POWER ON 

SELECT CONTROL BITS- PULSE CS 

SET RECEIVER SYNC CHARACTER ONTO DATA BUS — PULSE RSS 

PULSE RR — SETS RECEIVER INTO SEARCH MODE, RDA = ROR = RPE = SCR = 



SHIFT 1 BIT INTO THE RECEIVER SHIFT REGISTER 




SET THE RECEIVER INTO THE CHARACTER MODE 
SCR = 1 



LOAD THE RECEIVED CHARACTER INTO THE RECEIVER BUFFER REGISTER — RDA = 1 

EXAMINE OUTPUTS, PULSE RDAR, RDA = 

IF DESIRED, SET NEW RECEIVER SYNC CHARACTER ONTO DATA BUS-PULSE RSS 



SHIFT 1 BIT INTO THE RECEIVER SHIFT REGISTER 



HAS 

A COMPLETE CHARACTER 
BEEN RECEIVED 









YES / 


^ DO THE ^\ 

s' CONTENTS OF THE ^\ 
' RECEIVER SHIFT REGISTER ^ 

COMPARE TO THE CONTENTS 

\ OFTHERECEIVER S 

^^ SYNC REGISTER ^ 

^\ ? s' 


s. NO 








SET SCR = 1 


SET SCR = 










' 


* 


- 


' 









YES ^ 


s' HAS \ 
S^ THE PROPER \ 

PARITY BIT 

\ BEEN RECEIVED / 

\_ ? s' 


s^ NO 








SET RPE = 


SET RPE = 1 










^ 


' 


' 


' 



SET ROR = ♦ 




> SET ROR = 1 
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USRT TIMING DIAGRAM 



TCP 
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n 




I 
[~] J Note 1 




TBMT 
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1 Note 1 
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RCP 

RSI 

RR 
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RDA 

ROR 

RPE. 

SCR 

RD1-8. 
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_ J Note 3 



Note 3 



-.'J Note 3 



ci 



Note 2 
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NOTE 1 

The transmitter shift register is 
loaded with the next character 
at the positive clock transition 
corresponding to the leading 
edge of the last bit of the 
current character on the TSO 
output. TBMT is set high 
approximately two microsec- 
onds after this clock transition. 
If it is desired that the next 
character be extracted from 
the transmitter data register 
the leading edge of the TDS 
should occur at least one 
microsecond prior to this 
clock transition. 



NOTE 2 

In order to avoid an ROR 
indication the leading edge of 
the RDAR pulse should occur 
at least one microsecond prior 
to the negative clock transition 
corresponding to the center 
of the first bit after the last data 
bitontheRSI input. 



NOTE 3 

The ROR, RPE, SCR and RD1- 
RD8 outputs are set to their 
correct levels approximately 
two microseconds after the 
negative clock transition 
corresponding to the center of 
the first bit after the last data 
bit on the RSI input. The RDA 
output is set high at the next 
negative clock transition. 

The solid waveforms corre- 
spond to a control register 
setting of 5 data bits and a 
parity bit. The dashed wave- 
forms are for a setting of 6 data 
bits and no parity bit. 
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STANDARD MICROSYSTEMS 
CORPORATION ,g==== 



COM 2651 

(JLPC FAMILY 



Programmable Communication Interface 

PCI 



FEATURES 

□ Synchronous and Asynchronous Full Duplex or 
Half Duplex Operations 

□ Re-programmable ROM on-chip baud 
rate generator 

□ Synchronous Mode Capabilities 

— Selectable 5 to 8-Bit Characters 

— Selectable 1 or 2 SYNC Characters 

— Internal Character Synchronization 
—Transparent or Non-Transparent Mode 

— Automatic SYNC or DLE-SYNC Insertion 

— SYNC or DLE Stripping 

— Odd, Even, or No Parity 

— Local or remote maintenance loop back mode 

□ Asynchronous Mode Capabilities 

— Selectable 5 to 8-Bit Characters 

—3 Selectable Clock Rates (1X, 16X, 64X the 
Baud Rate) 

— Line Break Detection and Generation 

— 1,1 Vz, or 2-Stop Bit Detection and Generation 

— False Start Bit Detection 

— Odd, Even, or No Parity 

— Parity, Overrun, and framing error detect 

— Local or remote maintenance loop back mode 

— Automatic serial echo mode 

□ Baud Rates 

— DC to 1 .OM Baud (Synchronous) 

— DCtol.OM Baud (1X, Asynchronous) 

— DC to 62.5K Baud (16X, Asynchronous) 

— DC to 15.625K Baud (64X, Asynchronous) 

□ Double Buffering of Data 



PIN CONFIGURATION 


D2 1 C 


W 


3 28 D1 


D3 2 C 




3 27 DO 


RxD 3 C 




3 26Vcc 


GND 4 fj 




3 25RxC 


D4 5[ 
D5 6[ 




3 24DTR 
3 23RTS 




D6 7 C 




3 22DSR 


D7 6 [ 




3 21 RESET 


TxC 9 C 
A1 10 C 
CE11 C 




3 20BRCLK 
3 19TxD 




3 18TxEMT/DSCHG 


A012 C 




3 17CTS 


R/W13 C 




3 16DCD 


RxRDY14 C 


3 15TxRDY 


Package: 28-pin D.I. R 



□ Internal or External Baud Rate Clock 
—16 Internal Rates:50 to 19,200 Baud 

□ Single +5 volt Power Supply 

□ TTL Compatible 

□ No System Clock Required 

□ Compatible with 2651, INS2651 



GENERAL DESCRIPTION 



The COM 2651 is an MOS/LSI device fabricated 
using SMC's patented COPLAMOS® technology 
that meets the majority of asynchronous and 
synchronous data communication requirements, 
by interfacing parallel digital systems to asyn- 
chronous and synchronous data communication 
channels while requiring a minimum of processor 
overhead. The COM 2651 contains a baud rate 
generator which can be programmed to either 
accept an external clock or to generate internal 
transmit or receive clocks. Sixteen different baud 
rates can be selected under program control when 
operating in the internal clock mode. The on-chip 
baud rate generator can be ROM reprogrammed to 
accommodate different baud rates and different 
starting frequencies. 
The COM 2651 is a Universal Synchronous/ 



Asynchronous Receiver/Transmitter (USART) 
designed for microcomputer system data com- 
munications. The USART is used as a peripheral 
and is programmed by the processor to com- 
municate in commonly used asynchronous and 
synchronous serial data transmission techniques 
including IBM Bi-Sync. The USART receives serial 
data streams and converts them into parallel data 
characters for the processor. While receiving serial 
data, the USART will also accept data characters 
from the processor in parallel format, convert them 
to serial format and transmit. The USART will sig- 
nal the processor when it has completely received 
or transmitted a character and requires service. 
Complete USART status including data format 
errors and control signals is available to the 
processor at any time. 
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The COM 2651 is organized into 6 major sections. 
Communication between each section is achieved via 
an internal data and control bus. The data bus buffer 
allows a processor access to all internal registers on the 
COM 2651. 

Operation Control 

This functional block stores configuration and opera- 
tion commands from the processor and generates appro- 
priate signals to various internal sections to control the 
overall device operation. It contains read and write cir- 
cuits to permit communications with a processor via the 
data bus and contains Mode Registers 1 and 2, the 
Command Register, and the Status Register. Details of 
register addressing and protocol are presented in the 
COM 2651 programming section of this specification. 

Timing 

The COM 2651 contains a Baud Rate Generator (BRG) 
which is programmable to accept external transmit or 
receive clocks or to divide an external clock to perform 
data communications. The unit can generate 16 com- 
monly used baud rates, any one of which can be selected 
for full duplex operation. Table 6 illustrates all available 
baud rates. 
Receiver 

The Receiver accepts serial data on the RxD pin, con- 
verts this serial input to parallel format, checks for bits 
or characters that are unique to the communication 



technique and stores the "assembled" character in the 
receive data holding register until read by the processor. 

Transmitter 

The Transmitter accepts parallel data from the processor, 
converts it to a serial bit stream, inserts the appropriate 
characters or bits (based on the communication tech- 
nique) and outputs a composite serial stream of data on 
the TxD output pin. 

Modem Control 

The modem control provides three output signals and 
accepts three input signals used for "handshaking" and 
status indication between the COM 2651 and a modem. 

SYN/DLE Control 

This section contains control circuitry and three 8-bit 
registers storing the SYN1, SYN2, and DLE characters 
provided by the processor. These registers are used in 
the synchronous mode of operation to provide the 
characters required for synchronization, idle fill and 
data transparency. 

Interface Signals 

The COM 2651 interface signals can be grouped into two 
types: the processor-related signals (shown in Table 2) which 
interface the COM 2651 to the processor, and the device- 
related signals (shown in Table 3), which are used to inter- 
face to the communications equipment. 
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TABLE 2 — PROCESSOR RELATED SIGNALS 



PIN NO. 


NAME 


SYMBOL 


FUNCTION 


1,2,5,6, 
7,8,27,28 


Data 


D7-D0 


Bidirectional; 8 bit, three state data bus used to transfer commands, data and status 
between the COM 2651 and a processor. DO is the least significant bit; D7 is the most 
significant bit. 


10,12 


Address 


A1.A0 


Input; Address lines used to select COM 2651 registers. 


11 


Chip Enable 


CE 


Input; when this signal is low, the operation specified by the R/W, A1 and A0 will be 
performed. When this input is high, D7-0 are in the high impedance state. 


13 


Read/Write 


R/W 


Input; Processor read/write direction control. This signal defines the direction of the 
data bus D7-0 when the COM 2651 is selected. D7-0 drives out (read) when this signal is 
low and accepts data input when this signal is high. The input only has meaning when 
the chip enable input is active. 


14 


Receiver Ready 




Output; This signal is the complement of Status Register bit 1 (SR1). When low, it 
indicates that the Receive Data Holding Register (RHR) has a character ready for input 
to the processor. It goes high when the RHR is read by the processor, and also when 
the receiver is disabled. It is an open drain output which can be used as an interrupt 
to the processor. 


RxRDY 


15 


Transmitter 
Ready 




Output; This signal is the complement of Status Register bit 0(SR0). When low, it 
indicates that the Transmit Data Holding Register (THR) is ready to accept a data 
character from the processor. It goes high when the data character is loaded. This output 
is valid only when the transmitter is enabled. It is an open drain output which can be 
used as an interrupt to the processor. 


TxRDY 


18 


Transmitter 
empty/data 
set change 




Output; This signal is the complement of Status Register bit 2 (SR2). When low, it 
indicates that the transmitter has completed serialization of the last character loaded 
by the processor, or that a change of state of the DSR or DCD inputs has occurred. 
This output goes high when the Status Register is read by the processor, if the 
TxEMT condition does not exist. Otherwise, theTHR must be loaded by the processor 
for this line to go high. It is an open drain output which can be used as an interrupt 
to the processor. 


TxEMT/ 
DSCHG 


21 


Reset 


Reset 


Input; A high on this input performs a master reset on the COM 2651. This signal 
asynchronously terminates any device activity and clears the Mode, Command and 
Status registers. The device assumes the idle state and remains there until initialized 
with the appropriate control words. 


26 


Supply Voltage 


Vcc 


+5 volts supply. 


4 


Ground 


GND 


Ground. 



TABLE 3 — DEVICE RELATED SIGNALS 



PIN NO. 


NAME 


SYMBOL 


FUNCTION 


3 


Receive Data 


RxD 


Input; Serial data to the receiver. "Mark" is high "space" is low. 


9 


Transmitter 
Clock 


TxC 


Input or Output; If the external transmitter clock is programmed, this input controls 
the rate at which the character is transmitted. Its frequency is 1X, 16X or64X, the Baud 
rate as programmed by Mode Register 1 . The transmitted data changes on the falling 
edge of the clock. If the internal transmitter clock is programmed, this pin becomes 
an output at 1X the programmed Baud rate. 


16 


Data Carrier 
Detect 


DCD 


Input; This signal must be low in order for the receiver to function. The complement 
appears in the Status Reqister bit 6 (SR6). When this input chanaes state a low outDut 
on TxEMT/DSCHG occurs. 


17 


Clear to Send 


CTS 


Input; This signal must be low in order for the transmitter to function. If it goes high 
during transmission, the character in the Transmit Shift Register will be transmitted 
before termination. 


19 


Transmit Data 


TxD 


Output; Serial data from the transmitter. "Mark" is high, "Space" is low. This signal is 
held in the "Mark" condition when the transmitter is disabled. 


20 


Baud Rate Clock 


BRCLK 


Input; The standard device requires a 5.0688MHz clock to the internal Baud rate 
generator allowing for Baud rate shown inTable6.The reprogrammable ROM on chip 
allows for user specificed Baud rates and input frequency. Consult the factory for 
details. This input is not required if external receive and transmit clocks are used. 


22 


Data Set Ready 


DSR 


Input; This general purpose signal can be used for Data Set Ready or Ring Indicator 
condition. Its complement appears as Status Reqister bit 7 (SR7). When this input 
changes state, a low output on TxEMT/DSCHG occurs. 


23 


Request to Send 


RTS 


Output; This general purpose signal is the complement of the Command Register bit 5 
(CR5). It is normally used to indicate Request to Send. 
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TABLE 3 — DEVICE RELATED SIGNALS 



PIN NO. 


NAME 


SYMBOL 


FUNCTION 


24 


Data Terminal 


DTr 


Output; This general purpose signal is the complement of the Command Register 
bit 1 (CR1). It is normally used to indicate Data Terminal Ready. 


25 


Receive Clock 


RxC 


Input or Output; If the external receiver clock is programmed, this input controls the 
rate at which the character is to be received. Its frequency is 1X, 16X, or 64X the Baud 
rate, as programmed by Mode Register! Data are sampled on the rising edge of the 
clock. If internal receiver clock is programmed, this pin becomes an output at 1 X the 
programmed Baud rate. 



COM 2651 OPERATION 



The functional operation of the COM 2651 is programmed 
by a set of control words supplied by the processor. 
These control words specify items such as synchronous 
or asynchronous mode, baud rate, number of bits per 
character, etc. The programming procedure is described 
in the COM 2651 Programming section of this data sheet. 

After programming, the COM 2651 is ready to perform 
the desired communications functions. The receiver 
performs serial to parallel conversion of data received 
from a modem or equivalent device. The transmitter 
converts parallel data received from the processor to a 
serial bit stream. These actions are accomplished within 
the framework specificed by the control words. 

Receiver 

The C OM 2651 is conditioned to receive data when the 
DCD input is low and the RxEN bit in the command 
register is true. In the asynchronous mode, the receiver 
looks for a high to low transition on the RxD input line 
indicating the start bit. If a transition is detected, the 
state of the RxD line is sampled again after a delay of 
one-half of a bit time. If RxD is now high, the search for 
a valid start bit is begun again. If RxD is still low, a valid 
start bit is assumed and the receiver continues to sample 
the input line at one bit time intervals until the proper 
number of data bits, the parity bit, and the stop bit(s) 
have been assembled. The data is then transferred to the 
Receive Data Holding Regis ter, the RxRDY bit in the 
status register is set, and the RxRDY output is asserted. 
If the character length is less than 8 bits, the high order 
unused bits in the Holding Register are set to zero. The 
Parity Error, Framing Error, and Overrun Error status 
bits are strobe d int o the status register on the positive 
going edge of RxC corresponding to the received char- 
acter boundary. If a break condition is detected (RxD is 
low for the entire character as well as the stop bit[s]), 
only one character consisting of all zeros (with the 
Framing error status bit set) will be transferred to the 
Holding Register. The RxD input must return to a high 
condition before a search for the next start bit begins. 

When the COM 2651 is initialized into the synchronous 
mode, the receiver first enters the hunt mode on a to 1 
transition of RxEN (CR2). In this mode, as data is shifted 
into the Reciver Shift Register a bit at a time, the con- 
tents of the register are compared to the contents of the 
SYN1 register. If the two are not equal, the next bit is 
shifted in and the comparison is repeated. When the two 
registers match, the hunt mode is terminated and char- 
acter assembly begins. If the single SYN operation is 
programmed, the SYN DETECT status bit is set. If double 
SYN operation is programmed, the first character assem- 
bled after SYN1 must be SYN2 in order for the SYN 
DETECT bit to be set. Otherwise, the COM 2651 returns 



to the hunt mode. (Note that the sequence SYN1-SYN1- 
SYN2 will not achieve synchronization). When syn- 
chronization has been achieved, the COM 2651 con- 
tinues to assemble characters and transfers them to the 
Holding Register. The RxRDY status bit is set and the 
RxR DY output is asserted each time a character is assem- 
bled and transferred to the Holding Register. The Overrun 
error (OE) and Parity error (PE) status bits are set as 
appropriate. Further receipt of the proper SYN 
sequence sets the SYN DETECT status bit. If the SYN 
stripping mode is commanded, SYN characters are not 
transferred to the Holding Register. Note that the SYN 
characters used to establish initial synchronization are 
not transferred to the Holding Register in any case. 

Transmitter 

The COM 2651 is conditioned to transmit data when the 
CTS input is low and the TxEN command register bit is 
set. The COM 2651 indicates to the processor that it can 
accept a character for transmi ssion b y setting the 
TxRDY status bit and asserting the TxRDY output. When 
the processor writes a character into the Transmit Data 
Holding Register, the TxRDY status bit is reset and the 
TxRDY output is returned to a high (false) state. Data 
is transferred from the Holding Register to the Transmit 
Shift Register when it is idle or has completed trans- 
mission of the previous character. The TxRDY condi- 
tions are then asserted again. Thus, one full character 
time of buffering is provided. 

In the asynchronous mode, the transmitter automatically 
sends a start bit followed by the programmed number 
of data bits, the least significant bit being sent first. It then 
appends an optional odd or even parity bit and the pro- 
grammed number of stop bits. If, following transmission 
of the data bits, a new character is not available in the 
Transmit Holding Register, the TxD o utput remains in 
the marking (high) condition and the TxEMT/DSCHG 
output and its corresponding status bit are asserted. 
Transmission resumes when the processor loads a new 
character into the Holding Register. The transmitter can 
be forced to output a continuous low (BREAK) condi- 
tion by setting the Send Break command bit high. 

In the synchronous mode, when the COM 2651 is initially 
conditioned to transmit, theTxD output remains high and 
the TxRDY condition is asserted until the first characterto 
be transmitted (usually a SYN character) is loaded by the 
processor. Subsequent to this, a continuous stream of 
characters is transmitted. No extra bits (other than parity, 
if commanded) are generated by the COM 2651 unless the 
processor fails to send a new character to the COM 2651 
by the time the transmitter has completed sending the 
previous character. Since synchronous communication 
does not allow gaps between characters, the COM 2651 
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asserts TxEMT and automatically "fills" the gap by 
transmitting SYN1s, SYN1-SYN2 doublets, or DLE-SYN1 
doublets, depending on the state of MR16 and MR17. 
Normal transmission of the message resumes when a new 
character is available in the Transmit Data Holding 
Register. If the SEND DLE bit in the command register is 
true, the DLE character is automatically transmitted prior 
to transmission of the message character in the transmit 
holding register. 

COM 2651 PROGRAMMING 

Prior to initiating data communications, the COM 2651 
operational mode must be programmed by performing 
write operations to the mode and command registers. 
In addition, if synchronous operation is programmed, 
the appropriate SYN/DLE registers must be loaded. The 
COM 2651 can be reconfigured at any time during pro- 
gram execution. However, if the change has an effect on 
the reception of a character the receiver s hould be dis- 
abled. Alternatively if the change is made 1 Vi RxC periods 
after RxRDY goes active it will affect the next character 
assembly. A flowchart of the initialization process 
appears in Figure! 

The internal registers of the COM 2651 are accessed by 
applying specific signals to the CE, R/W, A1 and AO 
inputs. The conditions necessary to address each register 
are shown in Table 4. 

The SYN1, SYN2, and DLE registers are accessed by 
performing _write operations with the conditions A1=0, 
AO-1, and R/W = 1. The first operation loads the SYN1 
register. The next loads the SYN2 register, and the third 
loads the DLE register. Reading or loading the mode 
registers is done in a similar manner. The first write (or 
read) operation addresses Mode Register 1, and a sub- 
sequent operation addresses Mode Register 2. If more 
than the required number of accesses are made, the 
internal sequencer recycles to point at the first register. 
The pointers are reset to SYN1 Register and Mode 
Register 1 by a RESET input or by performing a "Read 
Command Register" operation, but are unaffected by any 
other read or write operation. 

The COM 2651 register formats are summarized in 
Tables 5, 6, 7 and 8. Mode Registers 1 and 2 define the 
general operational characteristics of the COM 2651, 
while the Command Register controls the operation 
within this basic framework. The COM 2651 indicates 
its status in the Status Register. These registers are 
cleared when a RESET input is applied. 



COM 2651 INITIALIZATION FLOW CHART 



INITIAL RESET 



NOTE 

Mode Register 1 must be written 
before 2 can be written. Mode Register 2 
need not be programmed if external 
clocks are used. 



NOTE 

SYN1 Register must be written 
before SYN2 can be written, and 
SYN2 before DLE can be written. 




Figure 1 
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Read receive holding register 
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Write transmit holding register 
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Read status register 












1 


1 


Write SYN1/SYN2/DLE registers 
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Read mode registers 1 and 2 
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Write mode registers 1 and 2 
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Read command register 
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Write command register 






NOTE 




See AC Characteristics section for timing requirements. 


Table 4— COM 2651 REGISTER ADDRESSING 
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Table 5 illustrates Mode Register 1. Bits MR11 and MR10 
select the communication format and Baud rate multi- 
plier. 00 specifies synchronous mode and 1X multiplier. 
1X, 16X, and 64X multipliers are programmable for 
asynchronous format. However, the multiplier in asyn- 
chronous format applies only if the external clock input 
option is selected by MR24 or MR25. 

MR13 and MR12 select a character length of 5, 6, 7, or 8 
bits. The character length does not include the parity bit, 
if programmed, and does not include the start and stop 
bits in asynchronous mode. 

MR14 controls parity generation. If enabled, a parity bit 
is added to the transmitted character and the receiver 



MODE REGISTER 1 (MR1) 



performs a parity check on incoming data. MR15 selects 
odd or even parity when parity is enabled by MR14. 

In asychronous mode, MR17 and MR16 select character 
framing of 1, 1.5, or 2 stop bits, (if 1X baud rate is pro- 
grammed, 1.5, stop bits defaults to 1 stop bits on trans- 
mit). In synchronous mode, MR17 controls the number 
of SYN characters used to establish synchronization 
and for character fill when the transmitter is idle. SYN1 
alone is used if MR17=1, and SYN1-SYN2 is used when 
MR17=0. If the transparent mode is specified by MR16, 
DLE-SYN1 is used for character fill and SYN Detect, but 
the normal synchronization sequence is used. Also DLE 
stripping and DLE Detect (with MR14=0) are enabled. 



MR17 


MR16 


MR15 


MR14 


MR13 


MR12 


MR11 


MR10 


Sync/Async 


Parity Type 


Parity Control 


Character Length 


Mode and Baud Rate Factor 


ASYNCH: STOP BIT LENGTH 










00=INVALID 


0=ODD 


0=DISABLED 


00=5 BITS 


00=SYNCHRONOUS 1X RATE 


01=1 STOP BIT 


1=EVEN 


1=ENABLED 


01 =6 BITS 


01 = ASYNCHRONOUS 1X RATE 


10=1'/jSTOP BITS 






10 = 7 BITS 


10=ASYNCHRONOUS 16X RATE 


11 =2 STOP BITS 






11=8 BITS 


11=ASYNCHRONOUS 64X RATE 


SYNCH: NUMBER 


SYNCH: TRANS- 


OF SYN CHAR 


PARENCY CONTROL 










0=DOUBLE SYN 


0=NORMAL 










1=SINGLESYN 


1 TRANSPARENT 











Baud rate factor in asynchronous applies only if external clock is selected. Factor is 16X if 
internal clock is selected. Mode must be selected (MR1 1, MR10) in any case. 



TABLE 5 -MODE REGISTER 1(MR1) 



MODE REGISTER 2 (MR2) 



Table 6 illustrates Mode Register 2. MR23, MR22, MR21, 
and MR20 control the frequency of the internal Baud 
rate generator (BRG). Sixteen rates are selectable. When 
driven by a 5.0688 MHz input at the BRCLK input (pin 20), 
the BRG output has zero error except at 134.5, 2000, and 
19,200 Baud, which have errors of +0.016% +0.253%, 
and +3.125% respectively. 

MR25 and MR24 select either the BRG or the external 



inputs TxC and RxC as the clock source for the trans- 
mitter and receiver, respectively. If the BRG clock is 
selected, the Baud rate factor in asynchronous mode is 
16X regardless of the factor selected by MR11 and MR10. 
In addition, the corresponding clock pin provides an 
output at 1X the Baud rate. Custom Baud rates other 
than the ones provided by the standard part are avail- 
able. Contact the factory for details. 



MR27 


MR26 


MR25 


MR24 


MR23-MR20 












Theoretical Actual 








Transmitter 


Receiver 




Baud 


Frequency Frequency 


Percent 






Clock 


Clock 


Code 


Rate 


16X Clock 16X Clock 


Error 


Divisor 




0=EXTERNAL 


0=EXTERNAL 


0000 


50 


0.8 KHz 


0.8 KHz 


_ 


6336 


NOT USED 


1=INTERNAL 


1=INTERNAL 


0001 


75 


1.2 


1.2 


— 


4224 








0010 


110 


1.76 


1.76 


— 


2880 








0011 


134.5 


2.152 


2.1523 


0.016 


2355 








0100 


150 


2.4 


2,4 


— 


2112 








0101 


300 


4.8 


4.8 


— 


1056 








0110 


600 


9.6 


9.6 


— 


528 








0111 


1200 


19.2 


19.2 


— 


264 








1000 


1800 


28.8 


28.8 


— 


176 








1001 


2000 


32.0 


32.081 


0.253 


158 








1010 


2400 


38.4 


38.4 


— 


132 








1011 


3600 


57.6 


57.6 


— 


88 








1100 


4800 


76.8 


76.8 


— 


66 








1101 


7200 


115.2 


115.2 


— 


44 








1110 


9600 


153.6 


153.6 


— 


33 








1111 


19200" 


307.2 


316.8 


3.125 


16 



NOTE 'Error at 19200 can be reduced to zero by using crystal frequency 4. 9152MHz 

16X clock is used in asynchronous mode. In synchronous mode, clock multiplier is 1X. 
Baud rates are valid for crystal frequency = 5. 0688MHz 

TABLE 6 — MODE REGISTER 2 (MR2) 
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COMMAND REGISTER (CR) 



Table 7 illustrates the Command Register. BitsCRO (TxEN) 
and CR2 (RxEN) enable or disable the transmitter and 
receiver respectively. A to 1 transition of CR2 forces 
start bit search (asyn c mode) or hunt mode (sync mode) 
on the second RxC rising edge. Disabling the receiver 
causes RxRDY to go high (inactive). If the transmitter is 
disabled, it will complete thetransmission of thecharacter 
in the Transmit Shift Register (if any) prior to terminat- 
ing operation. The TxD output will the n re main in the 
marking state (high) while the TxRDY and TxEMT will 
go high (inactive). If the receiver is disabled, it will termi- 
nate operation immediately. Any character being assem- 
bled will be neglected. 

In asynchronous mode, setting CR3 will force and hold 
the TxD output low (spacing condition) at the end of the 
current transmitted character. Normal operation resumes 
when CR3 is cleared. The TxD line will go high forat least 
one bit time before beginning transmission of the next 
character in the Transmit Data Holding Register. In syn- 
chronous mode, setting CR3 causes the transmission 
of the DLE register contents prior to sending the char- 
acter in the Transmit Data Holding Register. CR3 should 
be reset in response to the next TxRDY. 

Setting CR4 causes the error flags in the Status Register 
(SR3, SR4, and SR5 ) to be cleared. This is a one time 
command. There is no internal latch for this bit. 

The COM 2651 can operate in one of four sub-modes 
within each major mode (synchronous orasynchronous). 
The operational sub-mode is determined by CR7 and 
CR6. CR7-CR6=00 is the normal mode, with the trans- 
mitter and receiver operating independently in accor- 
dance with the Mode and Status Register instructions. 

In asynchronous mode, CR7-CR6=01 places the COM 
2651 in the Automatic Echo mode. Clocked, regenerated 
received data is automatically directed to the TxD line 
while normal receiver operation continues. The receiver 
must be enabled (CR2=1), but the transmitter need not 
be enabled. Processor to receiver communications con- 
tinues normally, but the processor to transmitter link 
is disabled. Only the first character of a break condi- 
tion is echoed. The TxD output will go high until the 
next valid start is detected. The following conditions 
are true while in Automatic Echo mode: 

1. Data assembled by the receiver are automatically 
placed in the Transmit Holding Register and retrans- 
mitted by the transmitter on the TxD output. 

2. The tra nsmitter is clocked by the receive clock. 
3.TxR DYoutput=1. 

4. The TxEMT/DSCHG pin will reflect only the data set 
change condition. 



5. The TxEN command (CRO) is ignored. 

In synchronous mode, CR7-CR6=01 places the COM 
2651 in the Automatic SYN/DLE Stripping mode. The 
exact action taken depends on the setting of bits MR17 
andMR16: 

1. In the non-transparent, single SYN mode (MR17- 
MR16=10), characters in the data stream matching 
SYN1 are not transferred to the Receive Data Holding 
Register (RHR). 

2. In the non-transparent, double SYN mode (MR17- 
MR16=00), characters in the data stream matching, 
SYN1, or SYN2 if immediately preceded by SYN1, are 
not transferred to the RHR. However, only the first 
SYN1 ofanSYN1-SYN1 pair is stripped. 

3. In transparent mode (MR16=1), characters in the 
data stream matching DLE, or SYN1 if immediately 
preceded by DLE, are not transferred to the RHR. 
However, only the first DLE of a DLE-DLE pair is 
stripped. 

Note that Automatic Stripping mode does not affect the 
setting of the DLE Detect and SYN Detect status bits 
(SR3andSR5). 

Two diagnostic sub-modes can also be configured. In 
Local Loop Back mode (CR7-CR6=10), the following 
loops are connected internally: 

1. The transmitter output is connected to the receiver 
inpu t. 

2. DTR is connected to DCD and RTS is connected to 
CTS. 

3. The receiver is clo cked by the transmit clock. 

4. The DTR , RTS andT xD outputs are held high. 

5. The CTS, DCD, DSR and RxD inputs are ignored. 

Additional requirements to operate in the Local Loop 
Back mode are that CRO (TxEN), CR1 (DTR), and CR5 
(RTS) must be set to 1. CR2 (RxEN) is ignored by the 
COM 2651. 

The second diagnostic mode is the Remote Loop Back 
mode(CR7-CR6=11). In this mode: 

1. Data assembled by the receiver is automatically 
placed in the Transmit Holding Register and retrans- 
mitted by the transmitter on the TxD output. 

2. The transmitter is clocked by the receive clock. 

3. No data are sent to the local processor, but the error 
statu s cond it ions (P E, O E, FE) are set. 

4. The RxRDY, TxRDY, and TxEMT/DSCHG outputs are 
held high. 

5. CRO (TxEN) is ignored. 

6. All other signals operate normally. 



Operating Mode 



Request to 
Send 



Sync/ Async 



Receive 
Control (RxEN) 



Data Terminal 
Ready 



Transmit 
Control (TxEN) 



00 = NORMAL OPERATION 
01=ASYNCH: AUTOMATIC 
ECHO MODE 
SYNCH: SYN AND/OR 
DLE STRIPPING MODE 

10 = LOCAL LOOP BACK 

1 1 = REMOTE LOOP BACK 



0= FORCE RTS 
OUTPUT HIGH 
1=FORCERTS 
OUTPUT LOW 



0=NORMAL 
1=RESET 
ERROR FLAG 
IN STATUS 
(FE, OE, 
PE/DLE DETECT) 



ASYNCH: 
FORCE BREAK 

0=NORMAL 
1=FORCE 
BREAK 



= DISABLE 
1=ENABLE 



SYNCH: 
SEND DLE 

0=NORMAL 
1=SEND DLE 



= FORCE DTR 
OUTPUT H IGH 
1=FORCEDTR 
OUTPUT LOW 



= DISABLE 
1=ENABLE 



TABLE 7 — COMMAND REGISTER (CR) 
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STATUS REGISTER (SR) 



The data contained in the Status Register (as shown in 
Table 8) indicate receiver and transmitter conditions and 
modem/data set status. 

SRO is the Transmitter Ready (TxRDY) status bit. It, and 
its corresponding output, are valid only when the trans- 
mitter is enabled. If equal to 0, it indicates that the 
Transmit Data Holding Register has been loaded by the 
processor and the data has not been transferred to the 
Transmit Shift Register. If set equal to 1, it indicates that 
the Holding Register is ready to accept data from the 
processor. This bit is initially set when the Transmitter 
is enabled by CRO, unless a character has previously 
been loaded into the Holding Register. It is not set when 
the Automatic Echo or Remote Loo p Back modes are 
programmed. When this bit is set, the TxRDY output pin 
is low. In the Automatic Echo and Remote Loop Back 
modes, the output is held high. 

SR1, the Receiver Ready (RxRDY) status bit, indicates 
the condition of the Receive Data Holding Register. If set, it 
indicates that a character has been loaded into the 
Holding Register from the Receive Shift Register and is 
ready to be read by the processor. If equal to zero, there 
is no new character in the Holding Register. This bit is 
cleared when the processor reads the Receive Data 
Holding Regi ster orw hen the receiver is disabled by CR2. 
When set, the RxRDY output is low. 

The TxEMT/DSCHG bit, SR2 , w hen se t, indicates either 
a change of state of the DSR or DCD inputs or that the 
Transmit Shift Register has completed transmission of a 
character and no new character has been loaded into 
the Transmit Data Holding Register. Note that in syn- 
chronous mode this bit will be set even though the 
appropriate "fill" character is transmitted. TxEMT will not 
go active until at least one character has been trans- 
mitted. It is cleared by loading the Transmit Data Hold- 



ing Register. The DSCHG condition is enabled when 
TxEN = 1 or RxEN = 1 . It is cleared when the Status Reg- 
ister is read by the processor. When SR2 is set, the TxEMT/ 
DSCHG output is low. 

SR3, when set, indicates a received parity error when 
parity is enabled by MR14. In synchronous transparent 
mode (MR16=1), with parity disabled, it indicates that 
a character matching the DLE Register has been received. 
However, only the first DLE of two successive DLEs will 
set SR3. This bit is cleared when the receiver is dis- 
abled and by the Reset Error command, CR4. 
The Overrun Error status bit, SR4, indicates that the 
previous character loaded into the Receive Holding 
Register was not read by the processor at the time a new 
received character was transferred into it. This bit is 
cleared when the receiver is disabled and by the Reset 
Error command, CR4. 

In asynchronous mode, bit SR5 signifies that the re- 
ceived character was not framed by the programmed 
number of stop bits, (if 1.5 stop bits are programmed, 
only the first stop bit is checked.) If the RHR contains all 
0's when SR5 = 1, a break condition is present. In syn- 
chronous non-transparent mode (MR16=0), it indicates 
receipt of the SYN1 character in single SYN mode or the 
SYN1-SYN2 pair in double SYN mode. In synchronous 
transparent mode (MR16=1), this bit is set upon detec- 
tion of the initial synchronizing characters (SYN1 or 
SYN1-SYN2) and, after synchronization has been 
achieved, when a DLE-SYN1 pair is received. The bit is 
reset when the receiver is disabled, when the Reset Error 
command is given in asynchronous mode, or when the 
Status Register is read by the processor in the syn- 
chronous mode. 

SR6 and SR7 reflect the conditions of the DCD and DSR 
inputs respectively. A low input sets the corresponding 
status bit and a high input clears it. 



SR7 


SR6 


SR5 


SR4 


SR3 


SR2 


SR1 


SRO 


Data Set 
Ready 


Data Carrier 
Detect 


FE/SYN Detect 


Overrun 


PE/DLE Detect 


TxEMT/DSCHG 


RxRDY 


TxRDY 


0=DSRINPUT 
ISHIGH 

1 = DSR INPUT 
IS LOW 


0=DCD INPUT 

ISHIGH 
1=DCD INPUT 

IS LOW 


ASYNCH: 

0=NORMAL 

1=FRAMING 

ERROR 


0=NORMAL 

1=OVERRUN 

ERROR 


ASYNCH: 

0=NORMAL 
1 = PARITY 
ERROR 


0=NORMAL 
1=CHANGE 
INDSROR 
DCD, OR 
TRANSMIT 
SHIFT REGIS- 
TER IS 
EMPTY 


0=RECEIVE 
HOLDING REG 
EMPTY 
1=RECEIVE 
HOLDING REG 
HAS DATA 


0=TRANSMIT 
HOLDING 
REG BUSY 
1=TRANSMIT 
HOLDING 
REG EMPTY 


SYNCH: 

0=NORMAL 
1= SYN CHAR 
DETECTED 


SYNCH: 

0=NORMAL 
1 = PARITY 
ERROR 
OR 

DLECHAR 
RECEIVED 



TABLE 8— STATUS REGISTER (SR) 
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TIMING DIAGRAMS 



TxRDY, TxEMT (Shown for 5-bit characters, no parity, 2 stop bits [in asynchronous mode]) 



I ' l< I » I ' I 2 I » I « I 5 I ' I ' I 3 I 4 I » I 1 I 2 I 3 I 4 I » I ' I 2 I 3 I « I » 




NOTES 

A = Start bit 

B = Stop bit 1 

C =Stop bit 2 

D ~TxD marking condition 

TxEMT goes low at the beg inning of the last data bit. or, it parity is enabled, at the beginning of the parity bit. 



RxRDY (Shown for 5-bit characters, no parity, 2 stop bits [in asynchronous mode]) 



- injinjuuiJLruiJu^^ 

1,2,3,4,5 1,2,3,4,5,1,2,3,4,5 1 1 2 , 3 , 4 , 5 . 1 , 2 , 3 , 4 , 5 , 1 , 2 , 3 , 4 , 5 . , 



BIEN _T 



STATUS BIT 



^P^P^ 



i r 



READ 

RHR 

(DATA 2) 



READ READ 

RHR RHR 

(DATA 3) (DATA 3) 



R»EN [ 




NOTES 

A ■- Start bit 

B -- Stopbit 1 

C Stop bit 2 

D - TxD marking condition 



READ 

RHR 

(DATA 3) 
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TIMING DIAGRAMS (Cont'd) 



RESET 



-J \ 



CLOCK 



BRCLK, TxC, RxC ■ 



■'BRH - 
■ "R/TH - 



-J 1 / 



-•bRL- 

••r/tl ■ 



«'BRG ■ 
1/I R/T . 



TxC 
(INPUT) 



"^ 



TRANSMIT 



1 BIT TIME 
(1, 16, OR 64 CLOCK PERIODS) 



RECEIVE 



X 



TxC \ 

(OUTPUT) \ 



*\_ 



X. 



RxC(1X) 



^V 



f 



/ 



v_ 



READ AND WRITE 



\ 



>~Dii 



Y 

— -T 

«cs-H 



D0-D7 

(WRITE) 



D0-D7 BUS 

(READ) FLOATING 



f 



h*— *□ 



V~fJoTY 

A valid A 



DATA VALID 



•dd— "-J — •- 



■*— 'CED - 



X. 



X. 



BUS FLOATING 



«DF 
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MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range 0°C to + 70° C 

Storage Temperature Range -55° C to +1 50° C 

Lead Temperature (soldering, 10 sec.) +325°C 

Positive Voltage on any Pin, with respect to ground +18. 0V 

Negative Voltage on any Pin, with respect to ground —0.3V 

"Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or at any other condition above those indicated in the operational sections of this 
specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it it important that the Absolute Maximum 
Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes or "glitches" on their 
outputs when the AC power is switched on and off. In addition, voltage transients on the AC power line may appear on the 
DC output. For example, the bench power supply programmed to deliver +12 volts may have large voltage transients when 
the AC power is switched on and off. If this possibility exists it is suggested that a clamp circuit be used. 

DC ELECTRICAL CHARACTERISTICS T A = 0°C to +70°C, V CC =5.0V ±5% 



PARAMETER 


MIN 


TYP 


MAX 


UNIT 


TEST CONDITIONS 


V, H 


Input voltage 
Low 
High 


2.0 




0.8 


V 




Vol 
Voh 


Output voltage 
Low 
High 


2.4 




0.4 


V 


loL=1.6mA 
l O H = -100/iA 


IlL 


Input leakage current 






10 


UA 


V,n=0 to 5.25V 


Ilh 
III 


Output leakage current 
Data bus high 
Data bus low 






10 
10 


UA 
//A 


V o = 4.0V 
V o = 0.45V 


Ice 


Power supply current 






150 


mA 




ClN 
CoUT 

c, /0 


Capacitance 
Input 

Output 

Input/Output 






20 
20 
20 


PF 
PF 
PF 


fc = 1MHz 

Unmeasured pins tied 

to ground 



AC ELECTRICAL CHARACTERISTICS T A = 0°C to +70°C, V C c=5.0V ±5% 



PARAMETER 


MIN 


TYP 


MAX 


UNIT 


TEST CONDITIONS 




Pulse width 












tRES 


Reset 


1000 






ns 




tcE 


Chip enable 


300 






ns 






Setup and hold time 












tAS 


Address setup 


20 






ns 




tAH 


Address hold 


20 






ns 




tcs 


R/W control setup 


20 






ns 




tcH 


R/W control hold 


20 






ns 




tos 


Data setup for write 


225 






ns 




tDH 


Data hold for write 









ns 




tRXS 


Rx data setup 


300 






ns 




tRXH 


Rx data hold 


350 






ns 




toD 


Data delay time for read 






250 


ns 


C L =100pF 


t D F 


Data bus floating time 














for read 






150 


ns 


C L =100pF 


tcED 


CE to CE delay 


700 






ns 






Input clock frequency 












|R,T 


Baud rate qenerator 


1.0 


5.0688 


5.0738 


MHz 




TxC or RxC 


dc 




1.0 


MHz 






Clock width 












teRH 


Baud rate high 


70 






ns 


f BR G = 5.0688MHz 


tBRL 


Baud rate low 


70 






ns 


f B RG = 5.0688MHz 


tR/TH 


TxC or RxC high 


500 






ns 




tR/TL 


TxC or RxC low 


500 






ns 




tTXD 


TxD delay from falling 














edge of TxC 






650 


ns 


C L =100pF 


ties 


Skew between TxD 
changing and falling 
edge of TxC output 





















ns 


C L =100pF 



NOTE: 

1 . f R ,T and t HT L shown for all modes except Local Loopback. For Local Loopback mode 
faT=0.7 MHz and tRj L =700ns min. 

109 



TYPICAL APPLICATIONS 



ASYNCHRONOUS INTERFACE 
TO CRT TERMINAL 



ADDRESS BUS 



CONTROL BUS 



r 1 



EIATOTTL 

CONVERT 

(OPT) 



M- 



L J 




SYNCHRONOUS INTERFACE 

TO TERMINAL OR 

PERIPHERAL DEVICE 



ADDRESS BUS 



CONTROL BUS 




COM 2651 


RxD 
TkD 
RiC 
TiC 






SYNCHRONOUS 

TERMINAL 

OR PERIPHERAL 

DEVICE 















ASYNCHRONOUS INTERFACE 
TO TELEPHONE LINES 



SYNCHRONOUS INTERFACE 
TO TELEPHONE LINES 



ADDRESS BUS 



ADDRESS BUS 



CONTROL BUS 



CONTROL BUS 




R<D 
T<D 
DSR 
BTS 

COM 2651 5TS 

RTS 
DCT5 

BRCLK 






ASVNC 
MODEM 




PHONE 
LINE 

INTER- 
FACE 




















>"* 










5.0688 MHz 
OSCILLATOR 








TE 



PHONE 
LINE 

INTER- 
FACE 



STANDARD MICROSYSTEMS 



CORPORATION^ 



we keep ahead of our competition so you can keep ahead of yours 



Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions, consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORTORATm^^^= 



COM 2661-1 
COM 2661-2 
COM 2661-3 

/JPC FAMILY 



Enhanced Programmable 

Communication Interface 

EPCI 



FEATURES 

□ Synchronous and Asynchronous Full Duplex or 
Half Duplex Operations 

□ Re-programmable ROM on-chip baud 
rate generator 

□ Synchronous Mode Capabilities 
—Selectable 5 to 8-Bit Characters 
—Selectable 1 or 2 SYNC Characters 

— Internal or External Character Synchronization 
—Transparent or Non-Transparent Mode 
—Transparent mode DLE stuffing (Tx) 

and detection (Rx) 
—Automatic SYNC or DLE-SYNC Insertion 

— SYNC, DLE and DLE-SYNC stripping 

— Odd, Even, or No Parity 

— Local or remote maintenance loop back mode 

□ Asynchronous Mode Capabilities 

— Selectable 5 to 8-Bit Characters plus parity 

— 3 Selectable Clock Rates (1X, 16X, 64X the 
Baud Rate) 

— Line Break Detection and Generation 

— 1, IV2, or 2-Stop Bit Detection and Generation 

— False Start Bit Detection 

— Odd, Even, or No Parity 

— Parity, Overrun, and framing error detect 

— Local or remote maintenance loop back mode 
—Automatic serial echo mode (echoplex) 

□ Baud Rates 

— DC to 1.0M Baud (Synchronous) 

— DC to 1.0M Baud (1X, Asynchronous) 

— DC to 62.5K Baud (16X, Asynchronous) 

— DC to 15.625K Baud (64X, Asynchronous) 



PIN CONFIGURATION 




D2 1 C 


W 


J 28D1 


D3 2 C 




2 27 DO 


RxD 3 C 




2 26Vcc 


GND 4 £ 




2 25RxC/BKDET 


D4 5[ 
D5 6c 




2 24DTR 
2 23RTS 




D6 7 [ 




2 22DSR 


D7 8 £ 




j 21 RESET 


TxC/XSYNC 9 £ 
A1 10 £ 
CE11 £ 




2 20BRCLK 
J 19TxD 




j 18TxEMT/DSCHG 


A012 [; 




2 17CTS 


R/W13 C 




2 16DCD 


RxRDY14 C 


2 15TxRDY 


Package: 28-pin D.I. P. 



□ Double Buffering of Data 

□ RxC and TxC pins are short circuit protected 

□ Internal or External Baud Rate Clock 

□ 3 baud rate sets (2661-1, -2, -3) 

□ 16 internal rates for each version 

□ Single +5 volt Power Supply 
DTTL Compatible 

□ No System Clock Required 

□ Compatible with EPCI 2661 



GENERAL DESCRIPTION 



The COM 2661 is an MOS/LSI device fabricated 
using SMC's patented COPLAMOS® technology. 
It is an enhanced pin and register compatible 
version of the COM 2651 that meets the majority of 
asynchronous and synchronous data communica- 
tion requirements, by interfacing parallel digital 
systems to asynchronous and synchronous data 
communication channels while requiring a mini- 
mum of processor overhead. The COM2661 
contains a baud rate generator which can be 
programmed to either accept an external clock or 
to generate internal transmit or receive clocks. 
Sixteen different baud rates can be selected under 
program control when operating in the internal 
clock mode. Each version of the COM 2661 (-1, 
-2, -3) has a different set of baud rates. Custom 
baud rates can be ROM reprogrammed to accom- 
modate different baud rates and different starting 
frequencies. 



The COM 2661 is a Universal Synchronous/ 
Asynchronous Receiver/Transmitter (USART) 
designed for microcomputer system data com- 
munications. The USART is used as a peripheral 
and is programmed by the processor to com- 
municate in commonly used asynchronous and 
synchronous serial data transmission techniques 
including IBM Bi-Sync. The USART receives serial 
data streams and converts them into parallel data 
characters for the processor. While receiving serial 
data, the USART will also accept data characters 
from the processor in parallel format, convert them 
to serial format and transmit. The USART will sig- 
nal the processor when it has completely received 
or transmitted a character and requires service. 
Complete USART status including data format 
errors and control signals is available to the 
processor at any time. 



111 























^ TxRDY 
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SYN/DLE CONTROL 
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MODE REGISTER 2 
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TRANSMIT 
SHIFT REGISTER 










„ RxRDY 

Run 
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RE-PROGRAMMABLE 

BAUD RATE 

GENERATOR 

AND 

CLOCK CONTROL 




TxC ^ 










, 






■ 
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"*T- .* ,,. .. 












» 


RECEIVER 







DSR 


* 


















RECEIVE DATA 
HOLDING REGISTER 






















RECEIVE 
SHIFT REGISTER 




MODEM 
CONTROL 


A 










Vcc 

nun 


nrri 










^ 








Fvrs 
















RTS ^ 








TxEMT/ * 








DSCHG 








COM2* 


>61 


OF 


tGi 


&NIZ/ 


moN 















The COM 2661 is organized into 6 major sections. 
Communication between each section is achieved via 
an internal data and control bus. The data bus buffer 
allows a processor access to all internal registers on the 
COM 2661. The differences between the COM 2661 and 
COM 2651 are outlined in table 1. 

Operation Control 

This functional block stores configuration and opera- 
tion commands from the processor and generates appro- 
priate signals to various internal sections to control the 
overall device operation. It contains read and write cir- 
cuits to permit communications with a processor via the 
data bus and contains Mode Registers 1 and 2, the 
Command Register, and the Status Register. Details of 
register addressing and protocol are presented in the 
COM 2661 programming section of this specification. 

Timing 

The COM 2661 contains a Baud Rate Generator (BRG) 
which is programmable to accept external transmit or 
receive clocks or to divide an external clock to perform 
data communications. The unit can generate 16 com- 
monly used baud rates, any one of which can be selected 
for full duplex operation. Tables 2a, b, and c illustrate all 
available baud rates. 

Receiver 

The Receiver accepts serial data on the RxD pin, con- 
verts this serial input to parallel format, checks for bits 



or characters that are unique to the communication 
technique and stores the "assembled" character in the 
receive data holding register until read by the processor. 

Transmitter 

The Transmitter accepts parallel data from the processor, 
converts it to a serial bit stream, inserts the appropriate 
characters or bits (based on the communication tech- 
nique) and outputs a composite serial stream of data on 
the TxD output pin. 

Modem Control 

The modem control provides three output signals and 
accepts three input signals used for "handshaking" and 
status indication between the COM 2661 and a modem. 

SYN/DLE Control 

This section contains control circuitry and three 8-bit 
registers storing the SYN1, SYN2, and DLE characters 
provided by the processor. These registers are used in 
the synchronous mode of operation to provide the 
characters required for synchronization, idle fill and 
data transparency. 

Interface Signals 

The COM 2661 interface signals can be grouped into 
two types: the processor-related signals (shown in Table 
3) which interface the COM 2661 to the processor, and 
the device-related signals (shown in Table 4), which are 
used to interface to the communications equipment. 
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TABLE 3— PROCESSOR RELATED SIGNALS 



PIN NO. 


NAME 


SYMBOL 


FUNCTION 


1,2,5,6. 
7.8.27,28 


Data 


D7-D0 


Bidirectional; 8 bit, three state data bus used to transfer commands, data and status 
between the COM 2661 and a processor. DO is the least significant bit; D7 is the most 
significant bit. 


10,12 


Address 


A1.A0 


Input; Address lines used to select COM 2661 registers. 


11 


Chip Enable 


CE 


Input; when this signal is low, the operation specified by the R7W, A1 and A0 will be 
performed. When this input is high, D7-0 are in the high impedance state. 


13 


Read/Write 


R7W 


Input; Processor read/write direction control. This signal defines the direction of the 
data bus D7-0 when the COM 2661 is selected. D7-0 drives out (read) when this signal is 
low and accepts data input when this signal is high. The input only has meaning when 
the CE input is active. 


14 


Receiver Ready 


RxRDY 


Output; This signal is the complement of Status Register bit 1 (SR1). When low, it 
indicates that the Receive Data Holding Register (RHR) has a character ready for input 
to the processor. It goes high when the RHR is read by the processor, and also when 
the receiver is disabled. It is an open drain output which can be used as an interrupt 
to the processor. 


15 


Transmitter 
Ready 


TxRDY 


Output; This signal is the complement of Status Register bit (SRO). When low, it 
indicates that the Transmit Data Holding Register (THR) is ready to accept a data 
character from the processor. It goes high when thedata character is loaded. Thisoutput 
is valid only when the transmitter is enabled. It is an open drain output which can be 
used as an interrupt to the processor. 


18 


Transmitter 
empty/data 
set change 




Output; This signal is the complement of Status Register bit 2 (SR2). When low, it 
indicates that the transmitter has completed serialization ofthe last character loaded 
by the processor, or that a change of state of the DSR or DCD inputs has occurred. 
This output goes high when the Status Register is read by the processor, if the 
TxEMT condition does not exist. Otherwise, the THR must be loaded by the processor 
for this line to go high. It is an open drain output which can be used as an interrupt 
to the processor. 


TxEMT/ 
DSCHG 


21 


Reset 


Reset 


Input; A high on this input performs a master reset on the COM 2661. This signal 
asynchronously terminates any device activity and clears the Mode, Command and 
Status registers. The device assumes the idle state and remains there until initialized 
with the appropriate control words. 


26 


Supply Voltage 


Vcc 


+5 volts supply. 


4 


Ground 


GND 


Ground. 



TABLE 4— DEVICE RELATED SIGNALS 



PIN NO. 


NAME 


SYMBOL 


FUNCTION 


3 


Receive Date 


RxD 


Input; Serial data to the receiver. "Mark" is high "space" is low. 


9 


Transmitter 

Clock/External 

Sync 


TxC/ 
XSYNC 


Input or Output; If the external transmitter clock is programmed, this input controls 
the rate at which the character is transmitted. Its frequency is 1X, 16X or 64X, the Baud 
rate as programmed by Mode Register 1. The transmitted data changes on the falling 
edge of the clock. If the internal transmitter clock is programmed, this pin can be a 
1X/16X clock output or an external jam synchronization input. 


16 


Data Carrier 
Detect 


DCD 


Input; This siqnal must be low in order for the receiver to function. The complement 


appears in the Status Register bit 6 (SR6). DCDcauses a low output on TxEMT/DSCHG 
when its state changes if CR2 or CR0= 1. If DCD goes high while receiving, the RxC 
is internally inhibited. 


17 


Clear to Send 


CTS 


Input; This signal must be low in order for the transmitter to function. If it goes high 
during transmission, the character in the Transmit Shift Register will be transmitted 
before termination. 


19 


Transmit Data 


TxD 


Output; Serial data from the transmitter. "Mark" is high, "Space" is low. This signal is 
held in the "Mark" condition when the transmitter is disabled. 


20 


Baud Rate Clock 


BRCLK 


Input; Clock input to the internal baud rate generator (See Tables 2a, b and c); not 
required if the external receiver and transmitter clocks are used. 


22 


Data Set Ready 


DSR 


Input; This general purpose signal can be used for Data Set Ready or Ring Indicator 
condition. Its complement appears as Status Reqister bit 7 (SR7). DSR causes a low 
output on TxEMT/DSCHG when its state changes if CR2 or CR0 = 1. 


23 


Request to Send 


RTS 


Output; This general purpose signal is the complement of the Command Register bit 5 
(CR5). It is normally used to indicate ReguesttoSend. If theTransmitShiftRegisterisnot 
empty when CR5 is reset (1 toO), then RTS will gohigh on TxC time after the last serial 
bit is transmitted. 


24 


Data Terminal 
Ready 


DTR 


Output; This general purpose signal is the complement of the Command Register 
bit 1 (CR1). It is normally used to indicate Data Terminal Ready. 


25 


Receive Clock/ 
Break Detect 


F5xC7 
BKDET 


Input or Output; If the external receiver clock is programmed, this input controls the 
rate at which the character is to be received. Its frequency is 1X, 16X, or 64X the Baud 
rate, as programmed by Mode Register 1. Data are sampled on the rising edge of the 
clock. If internal receiver clock is programmed, this pin can be a 1X/16X clock or a 
break detect output. 
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Table 1 COM 2661 vs. COM 2651 



FEATURE 


EPCI 


PCI 


1.MR2Bit6.7 


Control pin 9, 25 


Not used 


2. DLE detect-SR3 


SR3 = 0forDLE-DLE. 
DLE-SYNC1 


SR3=HorDLE-DLE. 
DLE-SYNC1 


3. Reset of SR3.DLE 
detect 


Second character after 
DLE; or receiver 
disable. or CR4 = 1 


Receiverdisable.or 
CR4 = 1 


4. Send DLE-CR3 


One time command 


Reset via CR3 on next 
TxRDY 


5. DLE stuffing in 
transparent mode 


Automatic DLE stuffing 
when DLE is loaded 
except if CR3=1 


None 


6. SYNC1 stripping 
in double sync 
non-transparent 


AIISYNC1 


First SYNC1 of pair 


7. Baud rate versions 


Three 


One 


8. Terminate ASYNC 
transmission 
(drop RTS) 


Reset CR5 in response to 
TxRDY changing from 
0to1 


Reset CRO when TxEMT 
goes from 1 to 0. Then 
reset CR5 when TxEMT 
goes from to 1 


9. Break detect 


Pin 25' 


FE and null character 


10. Stop bit searched 


One 


Two 


11. External jam sync 


Pin9 ? 


No 


12. Data bus timing 


Improved over 2651 


- 


13. Data bus drivers 


Sink 2.2mA 
Source 400mA 


Sink 1.6mA 
Source 100^A 



NOTES 

1 . Internal BRG used lor RxC. 

2. Internal BRG used lor TxC. 

Table 2a BAUD RATE 
2661-1 



GENERATOR CHARACTERISTICS 
(BRCLK=4.9152MHz) 







ACTUAL 








BAUD 


FREQUENCY 


PERCENT 




MR23-20 


RATE 


16X CLOCK 


ERROR 


DIVISOR 


oooo 


50 


0.8kHz 


_ 


6144 


0001 


75 


1.2 




4096 


0010 


110 


1 .7598 


-0.01 


2793 


0011 


134.5 


2.152 


— 


2284 


0100 


150 


2.4 




2048 


0101 


200 


3.2 


— 


1536 


0110 


300 


4.8 


— 


1024 


0111 


600 


9.6 




512 


1000 


1050 


16.8329 


0.196 


292 


1001 


1200 


19.2 




256 


1010 


1800 


28.7438 


-0.19 


171 


1011 


2000 


31.9168 


-0.26 


154 


1100 


2400 


38.4 


— 


128 


1101 


4800 


76.8 


— 


64 


1110 


9600 


153.6 




32 


1111 


19200 


307.2 


- 


16 



Table 2b BAUD RATE GENERATOR CHARACTERISTICS 
2661 -2 (BRCLK = 4.9152MHz) 







ACTUAL 








BAUD 


FREQUENCY 


PERCENT 




MR23-20 


RATE 


16X CLOCK 


ERROR 


DIVISOR 


0000 


45.5 


0.7279kHz 


0.005 


6752 


0001 


50 


0.8 


— 


6144 


0010 


75 


1.2 




4096 


0011 


110 


1.7598 


-0.01 


2793 


0100 


134.5 


2.152 




2284 


0101 


150 


2.4 


— 


2048 


0110 


300 


4.8 




1024 


0111 


600 


9.6 




512 


1000 


1200 


19.2 




256 


1001 


1800 


28.7438 


-0.19 


171 


1010 


2000 


31.9168 


-0.26 


154 


1011 


2400 


38.4 




128 


1100 


4800 


76.8 


— 


64 


1101 


960CT 


153.6 




32 


1110 


19200 


307.2 


— 


16 


1111 


38400 


614.4 


- 


8 



Table 2c BAUD RATE CHARACTERISTICS 
2661 -3 (BRCLK= 5.0688MHz) 







ACTUAL 








BAUD 


FREQUENCY 


PERCENT 




MR23-20 


RATE 


16X CLOCK 


ERROR 


DIVISOR 


0000 


50 


0.8kHz 


— 


6336 


0001 


75 


1.2 


— 


4224 


0010 


110 


1.76 




2880 


0011 


134.5 


2.1523 


0.016 


2355 


0100 


150 


2.4 


— 


2112 


0101 


300 


4 8 




1056 


0110 


600 


9.6 


— 


528 


0111 


1200 


19.2 




264 


1000 


1800 


28.8 




176 


1001 


2000 


32.081 


0.253 


158 


1010 


2400 


38.4 




132 


1011 


3600 


57.6 


.— 


88 


1100 


4800 


76.8 




66 


1101 


7200 


115.2 




44 


1110 


9600 


153.6 


— 


33 


1111 


19200 


316.8 


3.125 


16 



J in asynchronous mode. In synchrc 



COM 2661 OPERATION 



The functional operation of the COM 2661 is programmed 
by a set of control words supplied by the processor. 
These control words specify items such as synchronous 
or asynchronous mode, baud rate, number of bits per 
character, etc. The programming procedure is described 
in the COM 2661 Programming section of this datasheet. 

After programming, the COM 2661 is ready to perform 
the desired communications functions. The receiver 
performs serial to parallel conversion of data received 
from a modem or equivalent device. The transmitter 
converts parallel data received from the processor to a 
serial bit stream. These actions are accomplished within 
the framework specified by the control words. 
Receiver 

The C OM 2661 is conditioned to receive data when the 
DCD input is low and the RxEN bit in the command 
register is true. In the asynchronous mode, the receiver 
looks for a high to low (mark to space) transition of the 
start bit on the RxD input line. If a transition is detected, 
the state of the RxD line is sampled again after a delay of 
one-half of a bit time. If RxD is now high, the search for 
a valid start bit is begun again. If RxD is still low, a valid 
start bit is assumed and the receiver continues to sample 
the input line at one bit time intervals until the proper 
number of data bits, the parity bit, and one stop bit have 
been assembled. The data is then transferred to the 
Receive Data Holding Regis ter, the RxRDY bit in the 
status register is set, and the RxRDY output is asserted. 
If the character length is less than 8 bits, the high order 
unused bits in the Holding Register are set to zero. The 
Parity Error, Framing Error, and Overrun Error status 



bits are strob ed int o the status register on the positive 
going edge of RxC corresponding to the received char- 
acter boundary. If the stop bit is present, the receiver will 
immediately begin its search for the next start bit. If the 
stop bit is absent (framing error), the receiver will inter- 
pret a space as a start bit if it persists into the next bit 
time interval. If a break condition is detected (RxD is 
low for the entire character as well as the stop bit), only 
one character consisting of all zeros (with the Framing 
error status bit set) will be transferred to the Holding 
Register. The RxD input must return to a high condition 
before a search for the next start bit begins. 

Pin 25 can be programmed to be a break detect output 
by appropriate setting of MR27-MR24. If so, a detected 
break will cause that pin to go high. When RxD returns to 
mark for one RxC time, pin 25 will go low. Refer to the 
break detection timing diagram. 

When the COM 2661 is initialized into the synchronous 
mode, the receiver first enters the hunt mode on a to 1 
transition of RxEN (CR2). In this mode, as data is shifted 
into the Receiver Shift Register a bit at a time, the con- 
tents of the register are compared to the contents of the 
SYN1 register. If the two are not equal, the next bit is 
shifted in and the comparison is repeated. When the two 
registers match, the hunt mode is terminated and char- 
acter assembly begins. If the single SYN operation is 
programmed, the SYN DETECT status bit is set. If double 
SYN operation is programmed, the first character assem- 
bled after SYN1 must be SYN2 in order for the SYN 
DETECT bit to be set. Otherwise, the COM 2661 returns 
to the hunt mode. (Note that the sequence SYN1-SYN1- 
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SYN2 will not achieve synchronization). When syn- 
chronization has been achieved, the COM 2661 con- 
tinues to assemble characters and transfers them to the 
Holding Register. The RxRDY status bit is set and the 
RxRDY output is asserted each time a character is assem- 
bled and transferred to the Holding Register. The Overrun 
error (OE) and Parity error (PE) status bits are set as 
appropriate. Further receipt of the proper SYN sequence 
sets the SYN DETECT status bit. If the SYN stripping 
mode is commanded, SYN characters are not trans- 
ferred to the Holding Register. Note that the SYN char- 
acters used to establish initial synchronization are not 
transferred to the Holding Register in any case. 

External jam synchronization can be achieved via pin 9 
by appropriate setting of MR27-MR24. When pin 9 is an 
XSYNC input, the internal SYN1, SYN1-SYN2, and DLE- 
SYN1 detection is disabled. Each positive going signal 
on XSYNC will cause the receiver to establish synchro- 
nization on the rising edge of the next RxC pulse. 
Character assembly will start with the RxD input at this 
edge. XSYNC may be lowered on the next rising edge of 
RxC. This external synchronization will cause the SYN 
DETECT status bit to be set until the status register is 
read. Refer to XSYNC timing diagram. 

Transmitter 

The COM 2661 is conditioned to transmit data when the 
CTS input is low and the TxEN command register bit is 
set. The COM 2661 indicates to the processor that it can 
accept a character for transmi ssion b y setting the 
TxRDY status bit and asserting the TxRDY output. When 
the processor writes a character into the Transmit Data 
Holding Register, the TxRDY status bit is reset and the 
TxRDY output is returned to a high (false) state. Data 
is transferred from the Holding Register to the Transmit 
Shift Register when it is idle or has completed trans- 
mission of the previous character. The TxRDY condi- 
tions are then asserted again. Thus, one full character 
time of buffering is provided. 

In the asynchronous mode, the transmitter automatically 
sends a start bit followed by the programmed number 
of data bits, the least significant bit being sent first. It then 
appends an optional odd or even parity bit and the pro- 
grammed number of stop bits. If, following transmission 
of the data bits, a new character is not available in the 
Transmit Holding Register, the TxD o utput remains in 
the marking (high) condition and the TxEMT/DSCHG 
output and its corresponding status bit are asserted. 
Transmission resumes when the processor loads a new 
character into the Holding Register. The transmitter can 
be forced to output a continuous low (BREAK) condi- 
tion by setting the Send Break command bit high. 

In the synchronous mode, when the COM 2661 is initially 
conditioned to transmit, the TxD output remains high and 
the TxRDY condition is asserted until the first character to 
be transmitted (usually a SYN character) is loaded by the 
processor. Subsequent to this, a continuous stream of 
characters is transmitted. No extra bits (other than parity, 
if commanded) are generated by the COM 2661 unless the 
processor fails to send a new character to the COM 2661 
by the time the transmitter has completed sending the 
previous character. Since synchronous communication 
does not allow gaps between characters, the COM 2661 
asserts TxEMT and automatically "fills" the gap by 
transmitting SYN1s, SYN1-SYN2 doublets, or DLE-SYN1 
doublets, depending on the state of MR16 and MR17. 
Normal transmission of the message resumes when a new 
character is available in the Transmit Data Holding 
Register. If the SEND DLE bit in the command register is 
true, the DLE character is automatically transmitted 
prior to transmission of the message character in the 
transmit holding register. 



COM 2661 PROGRAMMING 

Prior to initiating data communications, the COM 2661 
operational mode must be programmed by performing 
write operations to the mode and command registers. 
In addition, if synchronous operation is programmed, 
the appropriate SYN/DLE registers must be loaded. The 
COM 2661 can be reconfigured at any time during pro- 
gram execution. A flow chart of the initialization process 
appears in Figure 1. 

The internal registers of the COM 2661 are accessed by 
applying specific signals to the CE, R/W, A1 and AO 
inputs. The conditions necessary to address each register 
are shown in Table 5. 

The SYN1, SYN2, and DLE registers are accessed by 
performing write operations with the conditions A1=0, 
A0 = 1, and R/W = 1. The first operation loads the SYN1 
register. The next loads the SYN2 register, and the third 
loads the DLE register. Reading or loading the mode 
registers is done in a similar manner. The first write (or 
read) operation addresses Mode Register 1, and a sub- 
sequent operation addresses Mode Register 2. If more 
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than the required number of accesses are made, the 
internal sequencer recycles to point at the first register. 
The pointers are reset to SYN1 Register and Mode 
Register 1 by a RESET input or by performing a "Read 
Command Register" operation, but are unaffected by any 
other read or write operation. 

The COM 2661 register formats are summarized in 
Tables 6, 7, 8 and 9. Mode Registers 1 and 2 define the 
general operational characteristics of the COM 2661, 
while the Command Register controls the operation 
within this basic framework. The COM 2661 indicates 
its status in the Status Register. These registers are 
cleared when a RESET input is applied. 



CE 


A1 


AO 


R/W 


FUNCTION 


1 


X 


X 


X 


Tri-state data bus 














Read receive holding register 











1 


Write transmit holding register 








1 





Read status register 








1 


1 


Write SYN1/SYN2/DLE registers 





1 








Read mode registers 1 and 2 





1 





1 


Write mode registers 1 and 2 





1 


1 





Read command register 





1 


1 


1 


Write command register 



NOTE 

See AC Characteristics section for timing requirements. 

Table 5— COM 2661 REGISTER ADDRESSING 



MODE REGISTER 1 (MR1) 



Table 6 illustrates Mode Register 1. Bits MR11 and MR10 
select the communication format and Baud rate multi- 
plier. 00 specifies synchronous mode and 1X multiplier. 
1X, 16X, and 64X multipliers are programmable for 
asynchronous format. However, the multiplier in asyn- 
chronous format applies only if the external clock input 
option is selected by MR24 or MR25. 

MR13 and MR12 select a character length of 5, 6, 7, or 8 
bits. The character length does not include the parity bit, 
if programmed, and does not include the start and stop 
bits in asynchronous mode. 

MR14 controls parity generation. If enabled, a parity bit 
is added to the transmitted character and the receiver 
performs a parity check on incoming data. MR15 selects 
odd or even parity when parity is enabled by MR14. 



In asynchronous mode, MR17and MR16 select character 
framing of 1, 1.5, or 2 stop bits (if 1X baud rate is pro- 
grammed, 1.5, stop bits defaults to 1 stop bits on trans- 
mit). In synchronous mode, MR17 controls the number 
of SYN characters used to establish synchronization 
and for character fill when the transmitter is idle. SYN1 
alone is used if MR17=1, and SYN1-SYN2 is used when 
MR17=0. If the transparent mode is specified by MR16, 
DLE-SYN1 is used for character fill and SYN Detect, but 
the normal synchronization sequence is used. When 
transmitting, a DLE character in the transmit holding 
register will cause a second DLE character to be trans- 
mitted. This DLE stuffing eliminates the software DLE 
compare and stuff on each transparent mode data char- 
acter. If the send DLE command (CR3) is active when a 
DLE is loaded into THR, only one additional DLE will be 
transmitted. Also DLE stripping and DLE Detect (with 
MR14=0) are enabled. 



MR17 


MR16 


MR15 


MR14 


MR13 


MR12 


MR11 


MR10 


Sync/Async 


Parity Type 


Parity Control 


Character Length 


Mode and Baud Rate Factor 


ASYNCH: STOP BIT LENGTH 










00=INVALID 


0=ODD 


0=DISABLED 


00=5 BITS 


00=SYNCHRONOUS 1X RATE 


01=1 STOP BIT 


1=EVEN 


1=ENABLED 


01=6 BITS 


01 = ASYNCHRONOUS 1X RATE 


10=1% STOP BITS 






10 = 7 BITS 


10=ASYNCHRONOUS 16X RATE 


11=2 STOP BITS 






11=8 BITS 


11=ASYNCHRONOUS 64X RATE 


SYNCH: NUMBER 


SYNCH: TRANS- 


OF SYN CHAR 


PARENCY CONTROL 










0=DOUBLE SYN 


0=NORMAL 










1=SINGLESYN 


1 TRANSPARENT 











Baud rate factor in asynchronous applies only if external clock is selected. Factor is 16X if 
internal clock is selected. Mode must be selected (MR11, MR10)inanycase. 



TABLE 6— MODE REGISTER 1 (MR1) 



MODE REGISTER 2 (MR2) 



Table 7 illustrates mode register 2 (MR23, MR22, MR21 
and MR20 control the frequency of the internal baud rate 
generator (BRG). Sixteen rates are selectable for each 
COM 2661 version (-1, -2, -3). Version 1 and 2 speci- 
fy a 4.9152 MHz TTL input at BRCLK (pin 20); version 
3 specifies a 5.0688 MHz input which is identical to the 



COM 2651. MR23-20 are don't cares if external clocks 
are selected (MR25-24 = 0). The individual rates are 
given in table 2a, b and c. 

MR24-MR27 select the receive and transmit clock source 
(either the BRG or an external input) and the function 
at pins 9 and 25. Refer to table 7. 



MR-27-MR24 


MR23-MR20 




TxC 


RxC 


Pin 9 


Pin 25 


TxC 


RxC 


Pin 9 


Pin 25 


Mode 


Baud Rale Selection 


0000 


E 


E 


TxC 


RxC 


1000 E 


E 


XSYNC 


RxC/TxC 


sync 




0001 


E 


I 


TxC 


1X 


1001 E 


I 


TxC 


BKDET 


async 




0010 


I 


E 


1X 


RxC 


1010 I 


E 


XSYNC 


RxC 


sync 




0011 


I 


I 


1X 


1X 


1011 I 


I 


1X 


BKDET 


async 


See baud rates in table 2 


0100 


E 


E 


TxC 


RxC 


1100 E 


E 


XSYNC 


RxC/TxC 


sync 




0101 


E 


I 


TxC 


16X 


1101 E 


I 


TxC 


BKDET 


async 




0110 


I 


E 


16X 


RxC 


1110 I 


E 


XSYNC 


RxC 


sync 




0111 


I 


I 


16X 


16X 


1111 I 


I 


16X 


BKDET 


async 





NOTES 

1. When pin 9 is programmed as XSYNC input. SYN1, SYN1-SYN2, and DLE-SYN1 detection is disabled. 

TABLE 7— MODE REGISTER 2 (MR2) 
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E = External clock l = Internal clock (BRG) 
1X and 16X are clock outputs 



COMMAND REGISTER (CR) 



Table 8 illustrates the Command Register. Bits CRO (TxEN) 
and CR2 (RxEN) enable or disable the transmitter and 
receiver respectively. A to 1 transition of CR2 forces 
start bit search (asyn c mode) or hunt mode (sync mode) 
on the second RxC rising edge. Disabling the receiver 
causes RxRDY to go high (inactive). If the transmitter is 
disabled, it will complete the transmission of the character 
in the Transmit Shift Register (if any) prior to terminat- 
ing operation. The TxD output will th en re main in the 
marking state (high while the TxRDY and TxEMT will 
go high (inactive). If the receiver is disabled, it will termi- 
nate operation immediately. Any character being assem- 
bled will be neglected. Bits CR1 (DTR) and CR5 (RTS) 
control the DTR and RTS outputs. Data at the outputs 
are the logical complement of the register data. 

In asynchronous mode, setting CR3 will force and hold 
the TxD output low (spacing condition) at the end of the 
current transmitted character. Normal operation resumes 
when CR3 is cleared. The TxD line will go high forat least 
one bit time before beginning transmission of the next 
character in the Transmit Data Holding Register. In syn- 
chronous mode, setting CR3 causes the transmission 
of the DLE register contents prior to sending the char- 
acter in the Transmit Data Holding Register. Since this is 
a one time command, CR3 does not have to be reset by 
software. CR3 should be set when entering and exiting 
transparent mode and for all DLE— non-DLE char- 
acter sequences. 

Setting CR4 causes the error flags in the Status Register 
(SR3, SR4, and SR5) to be cleared. This is a one time 
command. There is no in ternal latch for this bit. When 
CR5 (RTS) is set, the RTS pin is forced low and the trans- 
mit se rial lo gic is enabled. A 1 to transition of CR5 will 
cause RTS to go high (inactive) one TxC time after the 
last serial bit has been transmitted (if the transmit shift 
register was not empty). 

The COM 2661 can operate in one of four sub-modes 
within each major mode (synchronous orasynchronous). 
The operational sub-mode is determined by CR7 and 
CR6. CR7-CR6=00 is the normal mode, with the trans- 
mitter and receiver operating independently in accor- 
dance with the Mode and Status Register instructions. 

In asynchronous mode, CR7-CR6=01 places the COM 
2661 in the Automatic Echo mode. Clocked, regenerated 
received data are automatically directed to the TxD line 
while normal receiver operation continues. The receiver 
must be enabled (CR2 = 1), but the transmitter need not 
be enabled. Processor to receiver communications con- 
tinue normally, but the processor to transmitter link 
is disabled. Only the first character of a break condi- 
tion is echoed. The TxD output will go high until the 
next valid start is detected. The following conditions 
are true while in Automatic Echo mode: 
1 . Data assembled by the receiver are automatically 



placed in the Transmit Holding Register and retrans- 
mitted by the transmitter on the TxD output. 

2. The tra nsmitter is clocked by the receive clock. 

3. TxR DY output = 1. 

4. The TxEMT/DSCHG pin will reflect only the data set 
change condition. 

5. The TxEN command (CRO) is ignored. 

In synchronous mode, CR7-CR6=01 places the COM 
2661 in the Automatic SYN/DLE Stripping mode. The 
exact action taken depends on the setting of bits MR17 
and MR16: 

1. In the non-transparent, single SYN mode (MR17- 
MR16=10), characters in the data stream matching 
SYN1 are not transferred to the Receive Data Holding 
Register (RHR). 

2. In the non-transparent, double SYN mode (MR17- 
MR16=00), characters in the data stream matching 
SYN1, or SYN2 if immediately preceded by SYN1, are 
not transferred to the RHR. 

3. In transparent mode (MR16 = 1), characters in the 
data stream matching DLE, or SYN1 if immediately 
preceded by DLE, are not transferred to the RHR. 
However, only the first DLE of a DLE-DLE pair is 
stripped. 

Note that Automatic Stripping mode does not affect the 
setting of the DLE Detect and SYN Detect status bits 
(SR3 and SR5). 

Two diagnostic sub-modes can also be configured. In 
Local Loop Back mode (CR7-CR6=10), the following 
loops are connected internally: 

1. The transmitter output is connected to the receiver 
inpu t. 

2. DTR is connected to DCD and RTS is connected to 

cts: 

3. The rece iv er is cloc ked by the transmit clock. 

4. The DTR , RTS a nd T xD outputs are held high. 

5. The CTS, DCD, DSR and RxD inputs are ignored. 
Additional requirements to operate in the Local Loop 
Back mode are that CRO (TxEN), CR1 (DTR), and CR5 
(RTS) must be set to 1. CR2 (RxEN) is ignored by the 
COM 2661. 

The second diagnostic mode is the Remote Loop Back 
mode (CR7-CR6=11). In this mode: 

1. Data assembled by the receiver is automatically 
placed in the Transmit Holding Register and retrans- 
mitted by the transmitter on the TxD output. 

2. The transmitter is clocked by the receive clock. 

3. No data are sent to the local processor, but the error 
stat us cond i tions (P E, O E, FE) are set. 

4. The RxRDY, TxRDY, and TxEMT/DSCHG outputs are 
held high. 

5. CR1 (TxEN) is ignored. 

6. All other signals operate normally. 



Operating Mode 



Request to 
Send 



Sync/ Async 



Receive 
Control (RxEN) 



Data Terminal 
Ready 



Transmit 
Control (TxEN) 



00-NORMAL OPERATION 

01 =ASYNCH: AUTOMATIC 

ECHO MODE 

SYNCH: SYN AND/OR 

DLE STRIPPING MODE 

10 = LOCAL LOOP BACK 

1 1 = REMOTE LOOP BACK 



FORCE RTS 
OUTPUT HIGH 
ONE CLOCK 
TIME AFTER 
TxSR SERIAL- 
IZATION 

1 FORCE RTS- 
OUTPUT LOW 



0=NORMAL 
1=RESET 
ERROR FLAG 
IN STATUS 
(FE, OE. 
PE/DLE DETECT) 



ASYNCH: 
FORCE BREAK 

0=NORMAL 
1=FORCE 
BREAK 



= DISABLE 
1=ENABLE 



SYNCH: 
SEND DLE 

0=NORMAL 
1=SEND DLE 



TABLE 8 — COMMAND REGISTER (CR) 
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= FORCE DTR 
OUTPUT HIGH 
1=FORCE DTR 
OUTPUT LOW 



= DISABLE 
1= ENABLE 



STATUS REGISTER (SR) 



The data contained in the Status Register (as shown in 
Table 9) indicate receiver and transmitter conditionsand 
modem/data set status. 

SRO is the Transmitter Ready (TxRDY) status bit. It, and 
its corresponding output, are valid only when the trans- 
mitter is enabled. If equal to 0, it indicates that the 
Transmit Data Holding Register has been loaded by the 
processor and the data has not been transferred to the 
Transmit Shift Register. If set equal to 1, it indicates that 
the Holding Register is ready to accept data from the 
processor. This bit is initially set when the Transmitter 
is enabled by CRO, unless a character has previously 
been loaded into the Holding Register. It is not set when 
the Automatic Echo or Remote Loo p Back modes are 
programmed. When this bit is set, the TxRDY output pin 
is low. In the Automatic Echo and Remote Loop Back 
modes, the output is held high. 

SR1, the Receiver Ready (RxRDY) status bit, indicates 
the condition of the Receive Data Holding Register. If set.it 
indicates that a character has been loaded into the 
Holding Register from the Receive Shift Register and is 
ready to be read by the processor. If equal to zero, there 
is no new character in the Holding Register. This bit is 
cleared when the processor reads the Receive Data 
Holding Regist er or wh en the receiver is disabled by CR2. 
When set, the RxRDY output is low. 

The TxEMT/DSCHG bit, SR2 , w hen s et, indicates either 
a change of state of the DSR or DCD inputs (when CR2 
or CR0 = 1) or that the Transmit Shift Register has com- 
pleted transmission of a character and no newcharacter 
has been loaded into the Transmit Data Holding Register. 
Note that in synchronous mode this bit will be set even 
though the appropriate "fill" character is transmitted. 
TxEMT will not go active until at least one character has 
been transmitted. It is cleared by loading the Transmit 
Data Holding Register. The DSCHG condition is enabled 
when TxEN = 1 orRxEN = 1. It is cleared when the status 



register is read by the processor. If the status register is 
read twice and SR2 = 1 while SR6 and SR7 remain 
unchan ged, then a TxEM T condition exists. When SR2 is 
set, the TxEMT/DSCHG output is low. 

SR3, when set, indicates a received parity error when 
parity is enabled by MR14. In synchronous transparent 
mode (MR16=1), with parity disabled, it indicates that 
a character matching the DLE Register has been received, 
and the present character is neither SYN1 nor DLE. This 
bit is cleared when the next character following the 
above sequence is loaded into the Receive Data Holding 
Register, when the receiver is disabled, or by a reset 
error command, CR4. 

The Overrun Error status bit, SR4, indicates that the 
previous character loaded into the Receive Holding 
Register was not read by the processor at the time a new 
received character was transferred into it. This bit is 
cleared when the receiver is disabled and by the Reset 
Error command, CR4. 

In asynchronous mode, bit SR5 signifies that the re- 
ceived character was not framed by a stop bit, i.e., only 
the first stop bit is checked. If the RHR contains all 
0's when SRS^I, a break condition is present. In syn- 
chronous non-transparent mode (MR16=0), it indicates 
receipt of the SYN1 character in single SYN mode or the 
SYN1-SYN2 pair in double SYN mode. In synchronous 
transparent mode (MR16=1), this bit is set upon detec- 
tion of the initial synchronizing characters (SYN1 or 
SYN1-SYN2) and, after synchronization has been 
achieved, when a DLE-SYN1 pair is received. The bit is 
reset when the receiver is disabled, when the Reset Error 
command is given in asynchronous mode, or when the 
Status Register is read by the processor in the syn- 
chronous mode. 



SR6 and SR7 reflect the conditions of the DCD and DSR 
inputs respectively. A low input sets the corresponding 
status bit and a high input clears it. 



SR7 


SR6 


SR5 


SR4 


SR3 


SR2 


SR1 


SRO 


Data Set 
Ready 


Data Carrier 
Detect 


FE/SYN Detect 


Overrun 


PE/DLE Detect 


TxEMT/DSCHG 


RxRDY 


TxRDY 


. 0=DSRINPUT 

ISHIGH 

1=DSR"lNPUT 

IS LOW 


= DCD INPUT 

ISHIGH 
1=DCD INPUT 

IS LOW 


ASYNCH: 

0=NORMAL 

1=FRAMING 

ERROR 


0= NORMAL 

1=OVERRUN 

ERROR 


ASYNCH: 

0=NORMAL 
1 = PARITY 
ERROR 


0=NORMAL 
1=CHANGE 
INDSROR 
DCD, OR 
TRANSMIT 
SHIFT REGIS- 
TER IS 
EMPTY 


0=RECEIVE 
HOLDING REG 
EMPTY 
1=RECEIVE 
HOLDING REG 
HAS DATA 


= TRANSMIT 
HOLDING 
REG BUSY 
1=TRANSMIT 
HOLDING 
REG EMPTY 


SYNCH: 

0=NORMAL 
1=SYNCHAR 
DETECTED 


SYNCH: 

0=NORMAL 
1 = PARITY 
ERROR 
OR 

DLECHAR 
RECEIVED 



TABLE 9— STATUS REGISTER (SR) 
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TIMING DIAGRAMS 



TxRDY, TxEMT (Shown for 5-bit characters, no parity, 2 stop bits [in asynchronous mode]) 



•innjuirinriJi^^ 

2 , 3 | < | 5 ■ 1 , 2 | 3 | 4 | S ■ 1 , 2 | J , 4 , 5 , 1 , 2 ! 3 | 4 , 5 I 1 | 2 , 3 , 4 | S 




NOTES 

A = Start bit 

B = Stop bit 1 

C = Stop bit 2 

D = TxD marking condition 

TxEMT goes low it the beginning of the last data bit. or, it parity is enabled, at the beginning of the parity bit. 



RxRDY (Shown for 5-bit characters, no parity, 2 stop bits [in asynchronous mode]) 



- limnjuuTJiruiJUL^^ 

1 |2|3|4 | 5 | 1 | 2 | 3 > |S I 1|2|3,4|5 I 1 ,2 ,3,4,5,1 ,2 ,314,5,1,2,3,4,5 



''I' 



■_r 



ir 



^px^x 



IT 



READ 

RHR 

(DATA 1) 



READ 

RHR 

(DATA 2) 



READ READ 

RHR RHR 

(DATA 3) (DATA 3) 



STATUS BIT 



NOTES 




A = Start bit 

B = Stop bit 1 

C = Stop bit 2 

D = TxD marking condition 
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TIMING DIAGRAMS (Cont'd) 



RESET 



_* * 



CLOCK 



BRCLK, TxC\ RxE 



-'BRH- 

■'r/th- 



-•brl- 
■•r/tl- 



^ / 



'BRG ■ 

"r/t- 



Txg 

(INPUT) 



TRANSMIT 



1 BIT TIME 
' (1, IS, OR 64 CLOCK PERIODS) 



RECEIVE 



X 



*\_ 



*TxD 



TxC 
(OUTPUT) 



T. 



HxE(ix) 



■Hcs 



"A 



j £ 



\ 



f 



READ AND WRITE 



EXTERNAL SYNCHRONIZATION WITH XSYNC 

IC jn-rLTLTLTLTL 



1 



t. s = XSYNC SETUP TIME = 300ns 
t„ = XSYNC HOLD TIME = ONE RxC 



££■ 



\ 



Do-Dt 
(WRITE) 



D0-D7 BUS 

(READ) FLOATING 






« «DD *\ -^«Df|^— 



i — ^_ 



x 






3£= 



BUS FLOATING 



DqgQoogc 



CHARACTER ASSEMBLY 



BREAK DETECTION TIMING 



Rx CHARACTER = 5 BITS, NO PARITY 



! LOOK FOR START BIT=LOW(IF RxD IS HIGH,! 
I LOOK FOR HIGH TO LOW TRANSITION) j 

|- FALSE* START BIT CHECK MADE (RxD LOW) I 



MISSING STOP BIT. 
DETECTED 
SET FE BIT* 



J 



NOTE 

*lf the stop bit Is present, the start bit 
search will commence Immediately. 



MISSING STOP BIT DETECTED, 

SET FE BIT. 

0--RHR, ACTIVATE RxRDY. 

SET BKDET PIN. 

RxD INPUT -RxSR UNTIL A MARK 

TO SPACE TRANSITION OCCURS. 



120 



MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range 0°C to + 70° C 

Storage Temperature Range — 55°C to +150°C 

Lead Temperature (soldering, 10 sec.) +325°C 

Positive Voltage on any Pin, with respect to ground +18.0V 

Negative Voltage on any Pin, with respect to ground -0.3V 

'Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or at any other condition above those indicated in the operational sections of this 
specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it it important that the Absolute Maximum 
Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes or "glitches" on their 
outputs when the AC power is switched on and off. In addition, voltage transients on the AC power line may appear on the 
DC output. For example, the bench power supply programmed to deliver +12 volts may have large voltage transients when 
the AC power is switched on and off. If this possibility exists it is suggested that a clamp circuit be used. 

DC ELECTRICAL CHARACTERISTICS T A =0°C to + 70°C, V CC =5.0V±5% 



PARAMETER 


MIN 


TYP 


MAX 


UNIT 


TEST CONDITIONS 


V,H 


Input voltage 
Low 
High 


2.0 




0.8 


V 




Vol 
Voh 


Output voltage 
Low 
High 


2.4 




0.4 


V 


l L=2.2mA 
Ioh=-400/uA 


Ik. 


Input leakage current 






10 


U A 


V IN =0to5.5V 


Ilh 
III 


Output leakage current 
Data bus high 
Data bus low 






10 
10 


HA 


V o =4.0V 
V = 0.45V 


Ice 


Power supply current 






150 


mA 




ClN 
CouT 
Cl 


Capacitance 
Input 
Output 
Input/Output 






20 
20 
20 


PF 
PF 
PF 


fc = 1MHz 

Unmeasured pins tied 

to ground 



AC ELECTRICAL CHARACTERISTICS T A =0°Cto+70 o C, V CC =5.0V±5% 



PARAMETER 


MIN 


TYP 


MAX 


UNIT 


TEST CONDITIONS 




Pulse width 












tRES 


Reset 


1000 






ns 




tcE 


Chip enable 


250 






ns 






Setup and hold time 












tAS 


Address setup 


10 






ns 




tAH 


Address hold 


10 






ns 




tcs 


R/W control setup 


10 






ns 




tcH 


R/W control hold 


10 






ns 




tos 


Data setup for write 


150 






ns 




tDH 


Data hold for write 









ns 




tpxs 


Rx data setup 


300 






ns 




tnxH 


Rxdata hold 


350 






ns 




tDD 


Data delay time for read 






200 


ns 


C L =150pF 


tDF 


Data bus floating time 














for read 






100 


ns 


C L =150pF 


tcED 


CE to CE delay 


600 






ns 






Input clock frequency 












fBRG 


Baud rate generator 
(2661-1,-2) 


1.0 


4.9152 


4.9202 


MHz 




fBRG 


Baud rate generator 
(2661-3) 


1.0 


5.0688 


5.0738 


MHz 




fRT' 


TxCorRxC 


dc 




1.0 


MHz 






Clock width 












tBRH 


Baud rate high 
(2661-1,-2) 


75 






ns 


feRG=4.915MHz; measured 
at V IH 


tBRH 


Baud rate high 
(2661-3) 


70 






ns 


fBRG=5.0688MHz; measured 
atV IH 


tBRL 


Baud rate low 
(2661-1,-2) 


75 






ns 


fBRG=4.915MHz; measured 
atV, L 


tBRL 


Baud rate low 
(2661-3) 


70 






ns 


fBRG=5.0688MHz; measured 
atV IL 


tRTH1 


TxCorRxChiqh 


480 






ns 




tRTL 


TxCorRxC low 


480 






ns 




WxD 


TxD delav from fallinq 














edge of TxC 






650 


ns 


C L =150pF 


tl"CS 


Skew between TxD 
changing and fallinq 














edge of TxC output 









ns 


C L =150pF 



NOTE: 

1. fRT and t RT L shown all modes except Local Loopback. For Local Loopback mode 
Tr t =0.7MHz and t R tl= 700ns min. 
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TYPICAL APPLICATIONS 



ASYNCHRONOUS INTERFACE 
TO CRT TERMINAL 



AODRESS BUS 



CONTROL BUS 



SSI 



COM 2661 



-*4 



EIA TO TTL 

CONVERT 

(OPT) 



I 



1 

h«- 
I 

l — 

J 




SYNCHRONOUS INTERFACE 

TO TERMINAL OR 

PERIPHERAL DEVICE 



r~ 


ADDRESS BUS 


( 








L 


CONTROL BUS 


\ 


1 








cz 


DATA BUS 


\ 



ESJ 



COM 2661 


RlD 
TlD 






SYNCHRONOUS 

TERMINAL 

OR PERIPHERAL 

DEVICE 













ASYNCHRONOUS INTERFACE 
TO TELEPHONE LINES 



SYNCHRONOUS INTERFACE 
TO TELEPHONE LINES 



ADDRESS BUS 



ADDRESS BUS 



CONTROL BUS 



CONTROL BUS 



MI 



COM 2661 



PHONE 
LINE 

INTER- 
FACE 



nss 



RxD 
TlD 

fie 
BEB 
CTs 
RT5 



PHONE 

LINE 
INTER- 
FACE 



STANDARD MICROSYSTEMS 
CORPORATION, 



We keep ahead of our competition so you can keep ahead of yours 



Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions, consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
OTRPORATm^^^= 



COM 5025 

[X PC FAMILY 



Multi-Protocol 
Universal Synchronous Receiver/Transmitter 

USYNR/T 



FEATURES 

□ Selectable Protocol — Bit or Byte oriented 

□ Direct TTL Compatibility 

□ Three-state Input/Output BUS 

□ Processor Compatible — 8 or 16 bit 

□ High Speed Operation — 1.5 M Baud — typical 

□ Fully Double Buffered— Data, Status, and Control Registers 

□ Full or Half Duplex Operation — independent Transmitter and 

Receiver Clocks 
— individually selectable data 
length for Receiver and 
Transmitter 

□ Master Reset — resets all Data, Status, and Control Registers 

□ Maintenance Select — built-in self checking 



PIN CONFIGURATION 











W 




VdoC 


1 40 


3 MSEL 


rcpC 


2 39 3 TCP 


RSlC 


3 38 


]TSO 


sfrC 


4 37 


3 TXENA 


RXACT C 


5 36 


2 TSA 


rdaC 


6 35 


] TBMT 


rsaC 


7 34 


] TXACT 


rxenaQ 


8 33 


3 MR 


gndC 

DB08r_ 




DVcc 
3 DB00 


10 




31 


DB09C 


11 




30 


3 DB01 


DB10C 
DB1l[ 


12 






3 DB02 
3 DB03 


13 28 


DB12L 


14 27 


3 DB04 


DB13C 


15 26 


3 DB05 


dbhQ 


16 25 


3 DB06 


DB15C17 24 


3 DB07 


WRCl8 23 


3 DPENA 


A2 C 19 22 


3 BYTE OP 


Air_20 21 


3 A0 


PACKAGE: 40-Pin 


D.I.R 



BIT ORIENTED PROTOCOLS— SDLC, HDLC, ADCCP 

□ Automatic bit stuffing and stripping 

□ Automatic frame character detection and generation 

□ Valid message protection — a valid received message is 

protected from overrun 

□ Residue Handling — for messages which terminate with a 

partial data byte, the number of valid 
data bits is available 

SELECTABLE OPTIONS: 

□ Variable Length Data— 1 to 8 bit bytes 

□ Error Checking— CRC (CRC1 6, CCITT-0, or CCITT-1 ) 

— None 

□ Primary or Secondary Station Address Mode 

□ All Parties Address— APA 

□ Extendable Address Field — to any number of bytes 

□ Extendable Control Field — to 2 bytes 

□ Idle Mode— idle FLAG characters or MARK the line 

□ Point to Point, Multi-drop, or Loop Configuration 



BYTE ORIENTED PROTOCOLS— BiSync, DDCMP 

□ Automatic detection and generation of SYNC characters 

SELECTABLE OPTIONS: 

□ Variable Length Data — 1 to 8 bit bytes 

□ Variable SYNC character— 5, 6, 7, or 8 bits 

□ Error Checking— CRC (CRC1 6, CCITT-0, or CCITT-1) 

— VRC (odd/even parity) 
— None 

□ Strip Sync — deletion of leading SYNC characters after 

synchronization 

□ Idle Mode— idle SYNC characters or MARK the line 



APPLICATIONS 



□ Intelligent Terminals 

□ Line Controllers 

□ Network Processors 

□ Front End Communications 



□ Remote Data Concentractors 

□ Communication Test Equipment 

□ Computer to Computer Links 

□ Hard Disk Data Handler 
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General Description 

The COM 5025 is a COPLAMOS® n channel silicon gate MOS/LSI device that meets the majority of 
synchronous communications requirements, by interfacing parallel digital systems to synchronous serial 
data communication channels while requiring a minimum of controller overhead. 

The COM 5025 is well suited for applications such as computer to modem interfaces, computer to computer 
serial links and in terminal applications. Since higher level decisions and responses are made or initiated by the 
controller, some degree of intelligence in each controller of the device is necessary. 

Newly emerging protocols such as SDLC, HDLC, and ADCCP will be able to utilize the COM 5025 with a 
high degree of efficiency as zero insertion for transmission and zero deletion for reception are done 
automatically. These protocols will be referred to as Bit Oriented Protocols (BOP). Any differences between 
them will be discussed in their respective sections. Conventional synchronous protocols that are control 
character oriented such as BISYNC can also utilize this device. Control Character oriented protocols will be 
referred to as CCP protocols. Other types of protocols that operate on a byte or character count basis can 
also utilize the COM 5025 with a high degree of efficiency in most cases. These protocols, such as DDCMP 
will also be referred to as CCP protocols. 

The COM 5025 is designed to operate in a synchronous communications system where some external 
source is expected to provide the necessary received serial data, and all clock signals properly 
synchronized according to EIA standard RS334. The external controller of the chip will provide the 
necessary control signals, intelligence in interpreting control signals from the device and data to be 
transmitted in accord with RS334. 

The receiver and transmitter are as symmetrical as possible without loss of efficiency. The controller of the 
device will be responsible for all higher level decisions and interpretation of some fields within message 
frames. The degree to which this occurs is dependent on the protocol being implemented. The receiver and 
transmitter logic operate as two totally independent sections with a minimum of common logic. 



References: 



1. ANSI— American National Standards Institute 
X353, XS34/589 

202-466-2299 

2. CCITT — Consultative Committee for International 
Telephone and Telegraph 

X.25 
202-632-1007 



3. EIA — Electronic Industries Association 
TR30, RS334 

202-659-2200 

4. IBM 

General Information Brochure, GA27-3093 
Loop Interface— OEM Information, GA27-3098 
System Journal— Vol. 15, No. 1, 1976;G321-0044 



Terminology 



Term 



Definition 



Term 



Definition 



BOP Bit Oriented Protocols: SDLC, HDLC, ADCCP GA 

CCP Control Character Protocols: BiSync, DDCMP LSB 

TDB Transmitter Data Buffer MSB 

RDB Receiver Data Buffer RDP 

TDSR Transmitter Data Shift Register TDP 

FLAG 01111110 LM 

ABORT 1 1 1 1 1 1 1 1 (7 or more contiguous 1 's) 



01 1 1 1 1 1 1 (0 (LSB) followed by 7-1 's) 
First transmitted bit, First received bit 
Last transmitted bit, Last received bit 
Receiver Data Path 
Transmitter Data Path 
Loop Mode 
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BLOCK DIAGRAM 



RCP O— 

RXENA O 

RXACT 0-»- 

RDA O"*- 

RSA O*- 



(RCVR SERIAL INPUT) 






TIMING & CONTROL 



TX SERIAL DATA OUT 



iZ 



DATA 

STEERING 

LOGIC 



STRIP 
ZERO 
LOGIC 



FRAME 
CHAR 
REG 



DETECT 

TTT 



TT 



DATA 

TAP 

SELECT 



RCVR 
CRC 
GEN 



H r- 1 

RCV 

«•* DAT 



RCVR 

DATA 

REGISTER 



PARITY 
LOGIC 



v 

TO TIMINGS CONTROL 



RCVR 

STATUS 

REG 



tt 



MODE 

CONTROL 

REG 



DATA 

LENGTH SEL 

REG 



i^JZ 



if 



F 



TRI STATE I/O BUS 



M 



TX PARITY GEN 



TX CRC GEN 



TX DATA REG 



H 



TX DATA CONTROL 

— n 



C 



•O TS0 

(TX SERIAL OUTPUT) 



RCVR 

DATA 

BUFFER 



SYNC/ 

ADDRESS 

REG 



Fl_j5 



ADDRESS DECODE 



TRI STATE I/O BUS 



A i A 1 A A M TTTTTT A A A A A A A A 



0B15 0B14 DB13 D812 DB11 DBl/ DBtf9 



Ao Ai A 2 WR DPENA BYTE OP 0Bf7 DB06 DB05 DBfl DB«3 DB?2 DB?1 DB# 



Description of Pin Functions 



Pin No. Symbol Name 



I/O Function 



1 

2 


Vdd 
RCP 


Power Supply PS 
Receiver Clock I 


3 
4 


RSI 
SFR 


Receiver Serial Input I 
Sync/Flag 
Received 


5 


RXACT 


Receiver Active 



6 


RDA 


Receiver Data 
Available 


O 


7 


RSA 


Receiver Status 
Available 





8 


RXENA 


Receiver Enable 


I 


9 


GND 


Ground 


GND 


10 


DB08 


Data Bus 


I/O 


11 


DB09 


Data Bus 


I/O 


12 


DB10" 


Data Bus 


I/O 


13 


DB11 


Data Bus 


I/O 


14 


DB12 


Data Bus 


I/O 


15 


DB13 


Data Bus 


I/O 


16 


DB14 


Data Bus 


I/O 


17 


DB15 


Data Bus 


I/O 


18 


W/R 


Write/Read 


I 


19 


A2 


Address 2 


I 


20 


A1 


Address 1 


I 


21 


A0 


Address 


I 


22 


BYTE OP 


Byte Operation 


I 


23 


DPENA 


Data Port Enable 


I 


24 


DB07 


Data Bus 


I/O 


25 


DB06 


Data Bus 


I/O 


26 


DB05 


Data Bus 


I/O 


27 


DB04 


Data Bus 


I/O 


28 


DB03 


Data Bus 


I/O 


29 


DB02 


Data Bus 


I/O 


30 


DB01 


Data Bus 


I/O 


31 


DB00 


Data Bus 


I/O 


32 


Vcc 


Power Supply 


PS 


33 


MR 


Master Reset 


I 


34 


TXACT 


Transmitter Active 





35 


TBMT 


Transmitter Buffer 
Empty 





36 


TSA 


Transmitter Status 
Available 





37 


TXENA 


Transmitter Enable 


I 


38 


TSO 


Transmitter Serial 
Output 





39 


TCP 


Transmitter Clock 


I 


40 


MSEL 


Maintenance 
Select 


I 



, Wire "OR" with DB00-DB07 
For 8 bit data bus 



+ 12 volt Power Supply. 

The positive-going edge of this clock shifts data into the receiver shift register. 

This input accepts the serial bit input stream. 

This output is set high, for 1 clock time of the 

RCP, each time a sync or flag character is received. 

This output is asserted when the RDP presents the first data character of the 

message to the controller. In the BOP mode the first data character is the first 

non-flag character (address byte). In the CCP mode: 1 . if strip-sync is set; the 

first non-sync character is the first data character 2. if strip-sync is not set; the 

first data character is the character following the second sync. In the BOP 

mode the trailing (next) FLAG resets RXACT. In the CCP mode RXACT 

is never reset, it can be cleared via RXENA. 

This output is set high when the RDP has assembled an entire character and 

transferred it into the|RDB. This output is reset by reading the RDB. 

This output is set high: 1 . CCP — in the event of receiver over run (ROR) 

or parity error (if selected), 2. BOP— in the event of ROR, CRC error (if selected) 

receiving REOM or RAB/GA. This output is reset by reading the 

receiver status register or dropping of RXENA. 

A high level input allows the processing of RSI data. A low 

level disables the RDP and resets RDA, RSA and RXACT. 

Ground 

Bidirectional Data Bus.' 

Bidirectional Data Bus. 

Bidirectional Data Bus. 

Bidirectional Data Bus. 

Bidirectional Data Bus. 

Bidirectional Data Bus. 

Bidirectional Data Bus. 

Bidirectional Data Bus.^ 

Controls direction of data port. W/R = 1, Write. W/R=0,Read. 

Address input— MSB. 

Address input. 

Address input — LSB. 

If asserted, byte operation (data port is 8 bits wide) is 

selected. If BYTE OP=0, data port is 16 bits wide. 

Strobe for data port. After address, byte op, W/R and data are set-up DPENA 

may be strobed. If reading the port, DPENA may reset (depending on register 

selected by address) RDA or RSA. If writing into the port, DPENA may reset 

(depending on register selected by address) TBMT. 

Bidirectional Data Bus — MSB. 

Bidirectional Data Bus. 

Bidirectional Data Bus. 

Bidirectional Data Bus. 

Bidirectional Data Bus. 

Bidirectional Data Bus. 

Bidirectional Data Bus. 

Bidirectional Data Bus — LSB. 

+ 5 volt Power Supply. 

This input should be pulsed high after power turn on. This will: clear all flags, and 

status conditions, set TBMT= 1 , TSO= 1 and place the device in the primary 

BOP mode with 8 bit TX/RX data length, CRC CCITT initialized to all 1 's. 

This output indicates the status of the TDP. TXACT will go high after asserting 

TXENA and TSOM coinsidently with the first TSO bit. This output will reset one 

half clock after the byte during which TXENA is dropped. 

This output is at a high level when the TDB 

or the TX Status and Control Register may be loaded with 

the new data. TBMT= on any write access to TDB or TX Status and 

Control Register. TBMT returns high when the TDSR is loaded. 

TERR bit, indicating transmitter underflow. 

Reset by MR or assertion of TSOM. 

A high level input allows the processing of transmitter 

data. 

This output is the transmitted character. 

The positive going edge of this clock shifts data out of the 
transmitter shift register. 

Internally RSI becomes TSO and RCP becomes TCP. 
Externally RSI is disabled and TSO= 1 . 
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Register Bit Assignment Chart 1 and 2 



Data Bus Term 



Definition 



DB08 


RSOM 


DB09 


REOM 


DB10 


RAB/GA 


DB11 


ROR 


DB12-14 


A,B,C 


DB15 


ERRCHK 



Receiver Start of Message — read only bit. In BOP mode only, goes high when first non-flag (address byte) 

character loaded into RDB. It is cleared when the second byte is loaded into the RDB. 

Receiver End of Message — read only bit. In BOP mode only, set high when last byte of data loaded into RDB, or 

when an ABORT character is received. It is cleared on reading of Receiver Status Register or dropping of RXENA. 

Received ABORT or GO AHEAD character, read only bit. In BOP mode only, if LM=0 this bit is set on receiving an 

ABORT character; if LM= 1 this bit is set on receiving a GO AHEAD character. This is cleared on reading of 

Receiver Status Register or dropping of RXENA. 

Receiver Over Run — read only bit. Set high when received data transferred into RDB and previous data has not 

been read, indicating failure to service RDA within one character time. Cleared on reading of Receiver Status 

Register or dropping of RXENA. 

Assembled Bit Count — read only bits. In BOP mode only, examine when REOM=1. ABC=0, message terminated 

on stated boundary. ABC=XXX, message terminated (by FLAG or GA) on unstated boundary, binary value of ABC 

= number of valid bits available in RDB (right hand justified). 

Error Check — read only bit. In BOP set high if CRC selected and received in error, examine when REOM= 1 . In 

CCP mode: 1 . set high if parity selected and received in error, 2. if CRC selected (tested at end of each byte) ERR 

CHK = 1 if CRC GOOD, ERR CHK = if CRC NOT GOOD. Controller must determine the last byte of the 

message. 

Transmitter Start of Message— W/R bit. Provided TXENA= 1 , TSOM initiates start of message. In BOP, TSOM= 1 

generates FLAG and continues to send FLAG'S until TSOM=0, then begin data. In CCP: 1. IDLE=0, transmit out of 

SYNC register, continue until TSOM=0, then begin data. 2. IDLE=1 transmit out of TDB. In BOP mode there is also 

a Special Space Sequence of 16-0's initiated by TSOM= 1 and TEOM= 1 . SSS is followed by FLAG. 

Transmit End of Message— W/R bit. Used to terminate a message. In BOP mode, TEOM = 1 sends CRC, then 

FLAG; if TXENA= 1 and TEOM= 1 continue to send FLAG'S, if TXENA=0 and TEOM= 1 MARK line. In CCP: 1 . 

IDLE=0,TEOM = 1 send SYNC, if TXENA=1 andTEOM=1 continue to send SYNC's, if TXENA=0 and TEOM=1 

MARK line. 2. IDLE=1, TEOM=1, MARK line. 

Transmitter Abort— W/R bit. In BOP mode only, TXAB=1 finish present character then: 1. IDLE=0, transmit ABORT 

2. IDLE=1, transmit FLAG. 

Transmit Go Ahead — W/R bit. In BOP mode only, modifies character called for by TEOM. GA sent in place of FLAG. 

Allows loop termination — GA character. 

Transmitter Error — read only bit. Underflow, set high when TDB not loaded in time to maintain continuous 

transmission. In BOP automatically transmit: 1 . IDLE=0, ABORT 2. IDLE= 1 , FLAG. In CCP automatically transmit: 

1.IDLE=0, SYNC2. IDLE=1, MARK. Cleared by TSOM. 



DB8 



DB9 



TSOM 



TEOM 



DB10 


TXAB 


DB11 


TXGA 


DB15 


TERR 



DB8-10 X,Y,Z 



z 


Y 


X 

















1 





1 








1 


1 


1 
1 
1 
1 




1 
1 




1 



1 



DB11 

DB12 

DB13 

DB14 
DB15 



IDLE 

SEC ADD 

STRIP SYNC/LOOP 

PROTOCOL 
*APA 



DB13-15 TXDL 



DB8-10 RXDL 



DB11 EXCON 
DB12 EXADD 



— W/R bits. These are the error control bits. 

X 16 + X 12 + X 5 + 1 CCITT— Initialize to "1" 

X 16 + X 12 + X 5 + 1 CCITT— Initialize to "0" 

Not used 

X 16 +X 15 +X 2 +1— CRC16 

Odd Parity— CCP Only 

Even Parity— CCP Only 

Not Used 

Inhibit all error detection and transmission 
Note: Do not modify XYZ until both data paths are idle 

IDLE mode select— W/R bit. Affects transmitter only. In BOP — control the type of character sent when TXAB 
asserted or in the event of data underflow. In CCP — controls the method of initial SYNC character transmission and 
underflow, "1 " = transmit SYNC from TDB , " 0"=transmit SYNC from SYNC/ADDRESS register. 
Secondary Address Mode — W/R bit. In BOP mode only — after FLAG looks for address match prior to activating 
RDP, if no match found, begin FLAG search again. SEC ADD bit should not be set if EXADD = 1 or EXCON= 1 . 
Strip Sync or Loop Mode — W/R bit. Effects receiver only. In BOP mode — allows recognition of a GA character. In 
CCP — after second SYNC, strip SYNC; when first data character detected, set RXACT= 1 , stop stripping. 
PROTOCOL— W/R bit. BOP=0, CCP=1 

All Parties Address — W/R bit. If selected, modifies secondary mode so that the secondary address or 8-1 's will 
activate the RDP. 

Transmitter Data Length — W/R bits. 
TXDL3 TXDL2 TXDL1 LENGTH 

Eight bits per character 

1 1 1 Seven bits per character 
1 1 Six bits per character 

1 1 Five bits per character 

1 Four bits per character* 

1 1 Three bits per character* 

1 Two bits per character* 

1 One bit per character* 

* For data length only, not to be used for SYNC character (CCP mode). 
Receiver Data Length — W/R bits. 
RXDL3 RXDL2 RXDL1 LENGTH 

Eight bits per character 

1 1 1 Seven bits per character 
1 1 Six bits per character 

1 1 Five bits per character 

1 Four bits per character 

1 1 Three bits per character 

1 Two bits per character 

1 One bit per character 

Extended Control Field — W/R bit. In receiver only; if set, will receive control field as two 8-bit bytes. Excon bit should 
not be set if SEC ADD =1. 

Extended Address Field — W/R bit. In receiver only; LSB of address byte tested for a "1 ". If NO — continue receiving 
address bytes, if YES go into control field. EXADD bit should not be set if SEC ADD = 1 . 



<n to 

Toff 
55 cc 

II 



'Note: Product manufactured before 1Q79 may not have this feature. 
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Register Bit Assignment Chart 1 



REGISTER 

Receiver Data 
Buffer 

(Read Only- 
Right Justified- 
UnusedBits=0) 

Transmitter Data 
Register 

(Read/Write- 
Unused lnputs=X) 

Sync/Secondary 
Address 

(Read/Write- 
Right Justified- 
Unused lnputs=X) 



DP07 

RD7 
MSB 



TD7 
MSB 



SSA7 
MSB 



DP06 DP05 DP04 DP03 

RD6 RD5 RD4 RD3 



TD6 TD5 TD4 



TD3 



SSA6 SSA5 SSA4 SSA3 



DP02 


DP01 


DP00 


RD2 


RD1 


RD0 
LSB 


TD2 


TD1 


TD0 
LSB 


SSA2 


SSA1 


SSA0 
LSB 



Register Bit Assignment Chart 2 



REGISTER 


DP15 


DP14 


DP13 


DP12 


DP11 


DP10 


DP09 


DP08 


Receiver Status 
(Read Only) 


ERRCHK 


C 


B 


A 


ROR 


RAB/GA 


REOM 


RSOM 


TX Status 
and Control 
(Read/Write) 


TERR 
(Read Only) 











TXGA 


TXAB 


TEOM 


TSOM 


Mode Control 
(Read/Write) 


*APA PROTOCOL 


STRIP 
SYNC/ 
LOOP 


SEC ADD 


IDLE 


Z 


Y 


X 


Data Length 
Select 
(Read/Write) 


TXDL3 


TXDL2 


TXDL1 


EXADD 


EXCON 


RXDL3 


RXDL2 


RXDL1 



' Note: Product manufactured before 1Q79 may not have this feature. 



Register Address Selection 



1 ) BYTE OP = 0, data port 1 6 bits wide 



A2 




A1 A0" 







X 




1 




1 X 
X 


1 




1 X 


don't 


care 




JYTE 


OP = 


1 , data port 8 bits wide 


A2 




A1 A0 















1 







1 







1 1 


1 







1 




1 


1 




1 


1 




1 1 



Register 

Receiver Status Register and Receiver Data Buffer 
Transmitter Status and Control Register and Transmitter Data Buffer 
Mode Control Register and SYNC/Address Register 
Data Length Select Register 



Register 

Receiver Data Buffer 

Receiver Status Register 

Transmitter Data Buffer 

Transmitter Status and Control Register 

SYNC/Address Register 

Mode Control Register 



Data Length Select Register 
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BOP TRANSMITTER OPERATION 

(PROCESSOR LOAD OR MASTER RESET) 






STUFF ZERO. 

ACCUMULATE 

CRC 



SEND 

ABORT 

CHARACTER 




CCP TRANSMITTER OPERATION 



INITIALIZE 






' r 




SET MODE 




-* 


— 1— ( 


S TXENA , 
\^ =1? y 


NO ^ 




Iyes 






„ TSOM ^s 


NO 




\ =1? S 







TRANSMIT 
SYNC FROM 
SYNC REG 



SERIALIZE 

DATA 

ACCUMULATE 

CRC 




SEND SYNC 







<D 
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CCP RECEIVER TIMING 



_rLrLrvrLrLr\ Xtlt 

— ' *— W/R = 1 

_[JNOT E1 



X X X X -X. "i 



[—1 RE 
J li T 



riRE, 

J l° A 



W/R=0 W/R=0 

Jinr 



r 1 



_rn r~^ 

^4^ SYNC +-\ 



~L 



1_ 



J~L 



| NOTE 2 



1_ 



ROR 
ERR CHK 

NOTE 1 — Mode set for CCP with CRC selected 

NOTE 2— If overrun had occured — noREADSTX 

NOTE 3— ERR CHK must be sampled before next byte or before RXENA brought low 



| NOTE 2 



CO 

o 



CCP TRANSMITTER OPERATION 



/ j~t_tltl 7/ / nr / ^u^ / 1_r \Y ^ltl 




NOTE 1 — Mode is CCP with CRC selected 
NOTE 2— Trailing edge of DPENA must occur at least one-half 
clock pulse prior to TBMT=1 to avoid underrun 



v& 



-# 



BOP RECEIVER TIMING 



■z*'- 



-//■ 



sxtvti, \s\j\j' / -\_ri_r ~lt i_j~Lruiji_riJT_n_r 



^ 



■// i— // 



W/H- 1 
NOTE 1 



not clock edge related 



a. 



i 



i 



za 



_J L 



t->— FLAG FLAG "J 



J 1 



W/R=0 W/R^O W/R»0 W/R-0 W/R-0 W/R-0 W/R=0 W/R-0 

AddreuByte Read Status ConlrolByte DataByte#1 0auByte#2 OauByte#3 Data Byte #4 ReadStatus 



JLJl IL JlJlJL 



JUL 



CRC CRC 



U-FLAG FLAG— J 



T_ 



1 



I 



Jl_ J L JTJTJT 

| NOTE 2 

J~ 



l_ 



BOP TRANSMITTER OPERATION 



JlJTJlJlJ^rLJlJlXL^ JT^TJin,, _TlJ "UTJl y/ -TLTltl 



JL 



_r 



not dock edge related ] 



l~ 



r~ ~i 



Load Load Load 

Control Data Length Data Byte 



JLIb-H L _Jl_ _n_ 



JL 



J~l- _l LJ 



J L _ J 



I— 



Address Byte Control Byte 



j i r 



Note 1 —Trailing edge of DPENA must occur at least one-halt clock 
pulse prior to TBMT= 1 . To avoid underrun. 



AC TIMING DIAGRAMS 



TCP 



TBMT 



DPENA 

W/R=1 

to Transmitter 

Registers 



TBMT 



1 300 ns 




300 ns 



RCP 



DPENA 
W/R = 
to Receiver 
Registers 



RDA.RSA 





300 


ns 








RXACT ) 


< 




300 


? 


RDA, RSA 


/ 


Y 









300 ns 



TCP 



TSO 



TXACT 



150 ns 



^ 



300 ns 




RXENA 



-300 ns, min 



Resets: RDP-RDA, RSA, 
RXACT, receiver 
into search 
mode (for FLAG) 

Note: Unless otherwise specified all times are maximum. 



BYTE OP. WR 0, 



Data Port Timing 



£== 



^ 



/ / BUS FLOATS / 
//////A 



READ FROM USYNR/T 



.,7/ 



BM-DB15 / / BUS 
DATA / FLOATS 



-H 



k 



WRITE TO USYNR/T 
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MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range C C to + 70°C 

Storage Temperature Range -55°Cto + 150°C 

Lead Temperature (soldering, 10 sec.) +325 C C 

Positive Voltage on any Pin, with respect to ground + 18. 0V 

Negative Voltage on any Pin, with respect to ground -0.3V 

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 

functional operation of the device at these or at any other condition above those indicated in the operational 

sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that 
the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies 
exhibit voltage spikes or "glitches" on their outputs when the AC power is switched on and off. 
In addition, voltage transients on the AC power line may appear on the DC output. For example, the 
bench power supply programmed to deliver +12 volts may have large voltage transients when the 
AC power is switched on and off. If this possibility exists it is suggested that a clamp circuit be used. 

ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vcc= +5V±5%, Vdd= + 12V±5%, unless otherwise noted) 



Parameter 



Min. 



Typ. 



Max. 



Unit 



Comments 



D.C. Characteristics 

INPUT VOLTAGE LEVELS 

Low Level, Vil 

High Level, Vih 

OUTPUT VOLTAGE LEVELS 

Low Level, Vol 

High Level, Voh 
INPUT LEAKAGE 

Data Bus 

All others 
INPUT CAPACITANCE 

Data Bus, Cin 

Address Bus, Cin 

Clock, Cin 

All other, Cin 
POWER SUPPLY CURRENT 

Ice 

Idd 

A.C. Characteristics 

CLOCK-RCP, TCP 
frequency 
PWh 
PWl 

tr.tf 

DPENA, Twdpena 

Set-up Time, Tas 

Byte Op, W/R 

A2, Ai, Ao 

Hold Time, Tah 

Byte Op, WIR, 

A2, A1, Ao 
DATA BUS ACCESS, Tdpa 
DATA BUS DISABLE DELAY, Tdpd 
DATA BUS SET-UP TIME, Tdbs 
DATA BUS HOLD TIME, Tdbh 
MASTER RESET, MR 



2.0 



2.4 



DC 
325 
325 

250 






0.8 


V 






Vcc 


V 






0.4 


V 


loL=1.6ma 
loH=40/ia 


5.0 


50.0 


/xa 


0=sVin=s5v, DPENA=0 orW/R=l 






/xa 


Vin=+5v 






pf 








pf 








Pf 








Pf 






70 


ma 






90 


ma 


Ta=25°C 




1.5 


MHz 
ns 
ns 









ns 






50 /as 


ns 

ns 






100 
350 



150 


ns 


100 


ns 




ns 




ns 




ns 
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Read ROA and RSA prior to reading 
data or status 




Receiver Data 

and 
Receiver Status 

Access Sequence 

Preferred reading sequence ot receiver RDA and RSA. 




READ 
STATUS 



READ 
STATUS 



CCP RECEIVER OPERATION 



BOP RECEIVER OPERATION 




RDSR - RDB 





' 


NjOSETJ/^ 


SET""=« 












ACCUMULATE CRC 




TEST MADE AFTER 8 RXCLK'S 



STANDARD MICROSYSTEMS 
CORPORATION ^=== 

BLMBBBMWMBMBWWBT 35 Marcus Blvd.. Hauprjajge. N.Y. 11788 
gff 1516)273-3100 rwx-510227-8698 

1Mb keep ahead of ouruxnpetiuai so you can leep stead of youri 



Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORTORATjON^^^^= 



COM 8004 

jLlPC FAMILY 



Dual 32 Bit CRC SDLC Generator/Checker 

CRC-32 



FEATURES 

□ SDLC 32 bit CRC 

□ COM 5025 USYNRT Companion 

□ Data Rate— 2MHz typical 

□ All Inputs and Outputs are TTL Compatible 

□ Single +5 Volt Supply 

□ COPLAMOS® N-Channel MOS Technology 



GENERAL DESCRIPTION 

SMC's COM 8004 is a dual 32-bit CRC Generator/ 
Checker for use with SDLC protocols. It is a 
companion device to SMC's COM 5025 USYNRT. 
It operates at bit rates from DC to 2.0 MHz from a 
single +5v supply and is housed in a 20 lead x 0.3 
inch DIR All inputs and outputs are TTL compatible 
with full noise immunity. 

The COM 8004 is comprised of two independent 
halves, and each half may be operated in the check 
or generate mode. The polynominal used in 
computations is: 

X 32 + X 26 + X 23 + X 22 + X 16 + X 12 + X 11 + X 10 + X 8 + X 7 + X 5 + 
X 4 + X 2 + X + 1. 

The CRC register is initialized to all ones and the 
result is inverted before being appended to the 
message. The expected remainder is: 
X 31 + X 30 + X 26 + X 25 + X 24 + X 18 + X 15 + X 14 + X 12 + X 11 + X 1 °+ 
X 8 + X 6 + X 5 + X" + X 3 + X + 1 . 

Each half has a nine-bit serial data shift register. 
Data moves on the positive edge of the clock, and all 
clocked inputs are designed for zero-hold-time 
(e.g. 7474). A "clock out" pin provides gated clocks 
to the accompanying USYNRT (COM 5025). 

In the generate mode, computation is initiated upon 
detection of a flag character in the serial bit stream. 
CRC computation proceeds upon the serial data 
until a second flag is detected. CLK OUT to the 
SDLC transmitter is then halted, and the32-bit CRC 
is passed out; CLK OUT is then resumed, and the 
flag character is passed out. Nonsignificant zeros 
are automatically stripped and stuffed, and shared 
flags are supported. If the data between flags is less 
than two full bytes, the CRC is discarded and the 
serial data stream remains unaltered. 

In the check mode, computation is similarly 
initiated upon detection of a flag. Detection of a 
second flag causes the conditional setting of the 
error flag. A separate reset pin is provided for the 
error flag. No error is flagged on messages of less 
than two full bytes between flags. Detection of an 
abort character (7 consecutive ones) in either mode 
causes computation to be reset and a search for an 
opening flag resumed. 



PIN CONFIGURATION 




MRA 1 ! 


W 


I 20 Vcc 


CLKINA 2[ 




1 19EFLGRB 


CLKOUTA 3 r 




J 18EFLGB 


SERINA 4 [ 




1 17MODEB 


SEROUTA 5 [ 




j 16ENAB 


ENAA 6 [ 




j 15SEROUTB 


MODEA 7 L 




J 14SERINB 


EFLGA 8 [ 




1 13CLKOUTB 


EFLGRA 9 [ 




J 12CLKINB 


GND10 r 




] 11 MRB 


PACKAGE: 20 pir 


D.I. P. 







BLOCK DIAGRAM 

FOR ONE-HALF OF THE COM 8004 


-►-SEROUT 






32 BIT CRC 


1 




















1 
BIT 


SERIN ►- 

MR *■ 

CLK IN *- 

ENA ►- 

MODE »- 

EFLGR »- 


8-BIT S/R 
FLAG/ABORT DET 






















NON-SIG 

ZERO DET 

STUFF/STRIP 


CONTROL LOGIC 










CLK OUT 
EFLG 























TYPICAL SYSTEM 



-SEROUT 
-CLK IN 



. SERIN- 
CLKIN- 





EFLG MR 
1 EFLGR l 
t I 1 




RSI 








COM 

8004 




COM 
5025 














RCP 













SERIN- 
CLKIN- 



1 EFLGR I 





COM 
8004 


SEROUT 


RSI 


COM 
5025 




_CLK_ps^ 
OUT [/*■ 


3 RCP . 
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DESCRIPTION OF PIN FUNCTIONS 



PIN NO. 


NAME 


SYMBOL 


FUNCTION 


1 


MASTER RESET-A 


MRA 


MRA presets the CRC calculation in Section A of the COM 8004 
to all ones and forces the "pipeline" (8 shift register bits and the 
output flip-flop) to a logic "1" (Mark). The COM 8004 will only exit 
the reset state when MRA has been released and all 8 bits of a 
FLAG (01111110) have been received. 


2 


CLOCK INPUT-A 


CLKINA 


Baud Rate Clock for Section A. 


3 


CLOCK OUTPUT-A 


CKLOUTA 


Clock output from Section A. This is used to provide the clock for 
the USYNRT. CLKOUTA will normally track CLKINA. In thegenerate 
mode, when the last flag bit has been shifted into the shift register 
of the COM 8004, CLKOUTA will be held high until the CRC 
check character has been sent out. After the last bit of the CRC 
character is transmitted, CLKOUTA will resume tracking CLKINA. 


4 


SERIAL INPUT-A 


SERINA 


Serial input to the COM 8004 Section A. For transmission, SERINA 
is connected to the transmitter serial output of the USYNRT. 
For receiving, SERINA is connected to the received data output 
of the modem. 


5 


SERIAL OUTPUT-A 


SEROUTA 


Serial output from Section A of the COM 8004. For transmission, 
SEROUTA is connected to the transmit data input of the modem. For 
receiving, SEROUTA may be connected to the serial data input of 
the USYNRT. 


6 


ENABLE-A 


ENAA 


When ENAA is low, section A of the COM 8004 will pass data from 
SERINA to SEROUTA after a nine bit delay without alteration 
and without checking or generating CRC. If ENAA is high, CRC 
generation or checking will be enabled. ENAA is gated into the 
COM 8004 by the rising edge of CLKINA. 


7 


MODE SELECT-A 


MODEA 


MODEA determines whether Section A of the COM 8004 is in 
the receive (CRC check) Mode or transmit (CRC generate) Mode. 
Logic "1" selects CRC check. Logic "0" selects CRC generate. 


8 


ERROR FLAG-A 


EFLGA 


EFLGA will go high if, when in the CRC check mode, section A 
of the COM 8004 has detected an error. EFLGA can only be reset 
by a MASTER RESET (MRA) or by ERROR FLAG RESET(EFLGRA). 


9 


ERROR FLAG RESET-A 


EFLGRA 


A logic "1" on EFLGRA will reset EFLGA. If EFLGRA is kept at a 
logic "1," it will inhibit the setting of EFLGA. 


10 


GROUND 


GND 


Ground. 


11 


MASTER RESET-B 


MRB 


Master reset for Section B. See MRA for description. 


12 


CLOCK IN-B 


CLKINB 


Clock input for Section B. See CLKINA for description. 


13 


CLOCK OUT-B 


CLKOUTB 


Clock output for Section B. See CLKOUTA for description. 


14 


SERIAL INPUT-B 


SERINB 


Serial input for Section B. See SERINA for description. 


15 


SERIAL OUTPUT-B 


SEROUTB 


Serial output for Section B. See SEROUTA for description. 


16 


ENABLE-B 


ENAB 


CRC enable for Section B. See ENAA for description. 


17 


MODE SELECT-B 


MODEB 


Mode select for Section B. See MODEA for description. 


18 


ERROR FLAG-B 


EFLGB 


Error Flag for Section B. See EFLGA for description. 


19 


ERROR FLAG RESET-B 


EFLGRB 


Error flag reset for Section B. See EFLGRA for description. 


20 


POWER SUPPLY 


Vcc 


+5 volt power supply input. 
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OPERATION 



The COM 8004 has 3 modes of operation, as selected by 
the ENABLE and MODE SELECT inputs. They are: 

ENABLE MODE SELECT 

CRC Disabled. Data is 

shifted from SERIN to 
SEROUT with no compu- 
tation performed. Serial 
delay is 9 bit times. 

1 Same as above. 



CRC generation mode. 

1 CRC check mode. 



In the CRC generation and check modes, calculations 
begin upon receipt of the first data character after an 
opening FLAG. "Stuffed zeroes" are stripped for the 
purpose of the CRC calculation. CRC calculation will 
continue until either a MASTER RESET occurs, ENABLE 
is brought to logic zero, an ABORT character is received, 
or a closing FLAG is received. 



CRC Generation 

Upon detection of a closing FLAG character, CLKOUT 
is left high (stopping USYNRT activity), and the CRC 
accumulation is shifted out by CLKIN. CLKOUT then 
resumes clocking, and the FLAG (which has been stored 
in the shift register) is shifted out. The CRC check data 
is inverted before this data is transmitted. Zero-stuffing 
is performed on the inverted CRC check data. 

During the time CKLOUT is forced high and CRC check 
data is being shifted out, data on SERIN will be ignored. 

If an ABORT character is received, CRC calculation will 
cease after the last "1" bit of the ABORT character is 
shifted into the shift register. Data will pass through the 
COM 8004 without effect until a FLAG is received. 

CRC Check (Reception) 

When the last bit of a closing flag enters the shift regis- 
ter, ERRCHK will go high on the following positive 
CLKIN transition if a CRC error is detected. 



Operation Notes 

Note 1: The minimum message size is sixteen significant bits following an opening 

flag. A stuffed zero is not considered a significant bit. If the message is less than 
16 bits, the data will pass through the COM 8004 without being affected. 

If the sixteenth received bit is the fifth consecutive one, but is not followed by a 
stuffed zero before a FLAG, the COM 8004 will detect the FLAG but the minimum 
message will not have occurred. CRC calculation will begin anew after this 
FLAG is detected. 

01111110 DDDDDDDD DD011111 (MISSING STUFFED 0) 01111110 



OPENING 
FLAG 



r 



.A. 



LAST "1" IN THE BIT 16 LOCATION. 



1 



CLOSING 
FLAG 



Note 2: If the seventeenth bit of a message followed by a FLAG is the fifth consecutive 
one, but the stuffed zero is missing, the following will occur: 

A) CRC Generate Mode: The last "one" bit, bit 17, will not be calculated into the 
CRC, but will appear at the serial output. The first bit of the CRC character 
will be forced to a zero, therefore looking like a stuffed zero. 

B) CRC Check Mode: The last "one" bit, bit 17, will not be calculated into the CRC. 
01111110 DDDDDDDD DDD01111 1 (MISSING STUFFED 0) 01111110 



OPENING 
FLAG 



r 



_A_ 



LAST "1" IN THE BIT 17 LOCATION. 



1 



CLOSING 
FLAG 



Note 3: If a stuffed zero is missing in the middle or end of a message, the reaction will 
depend on the next bit. If it is a one, a FLAG or ABORT may be detected. If an 
ABORT is detected, the message and the CRC checking is aborted. If a FLAG 
is detected, a CRC error will be detected. 

If the missing zero is followed by a zero, the CRC computation will continue, 
but the zero bit will be stripped, causing a CRC error. 
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MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range 0° C to + 70° C 

Storage Temperature Range -55° C to +150°C 

Lead Temperature (soldering, 10 sec.) +325°C 

Positive Voltage on any Pin, with respect to ground +8.0V 

Negative Voltage on any Pin, with respect to ground -0.3V 

•Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute 
Maximum Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes 
or "glitches" on their outputs when the AC power is switched on and off. In addition, voltage transients on the 
AC power line may appear on the DC output. If this possibility exists it is suggested ——-—__ 

that a clamp circuit be used. | PRELIMINARY 

ELECTRICAL CHARACTERISTICS (Ta = 0°C to 70° C, Vcc = +5 Volts ±5%, unless otherwise noted) 



PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNIT 


COMMENTS 


DC CHARACTERISTICS 














Input Voltage Levels 














Low Level 


VlL 






0.8 


V 




High Level 


VlH 


2.0 






V 




Output Voltage Levels 














Low Level 


Vol 






0.4 


V 


Iol = 1.6 mA 


High Level 


Voh 


2.4 






V 


Ioh = -100//A 


Input Capacitance 


ClN 




10 


25 


pf 




Power Supply Current 


Ice 






100 


mA 




AC CHARACTERISTICS 












Ta = 25°C 


Clock Frequency 


flN 






2 


MHz 




Clock Pulse Width— High 


tcLKH 


350 






ns 


Figure 1 


Input Set-Up Time 


tDC 


100 






ns 


Figure 1 


Input Hold Time 


tcD 









ns 


Figure 1 


Master Reset Pulse Width 


tpw 


250 






ns 


Figure 2 


Reset Delay 


tMR 






250 


ns 


Figure 2 


Error Flag Delay 


tFD 






300 


ns 


Figure 3 


Error Flag Reset Delay 


tFR 






100 


ns 


Figure 4 


ERRST Pulse Width 


tEW 


100 






ns 


Figure 4 


Clock Propagation Delay 


tPD 






150 


ns 


Figure 5 


SEROUT Propagation Delay 


tsD 






150 


ns 


Figure 5 



SERIN, MODE 
ENA, ERFLGR 



/ 



Figure 1 



/-* tCLKH *-\ 



VlH 
VlL 
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Figure 2 



f 

f 



Y 



ALL OUTPUTS 



OUTPUTS DETERMINED 
BY PREVIOUS CONDITIONS 



-+ tMR +■ 



-4 UNDEFINED H RESET STATE 



SERIAL IN 



CLOCK 
IN 



CRC ERR 



CLOSING FLAG- 



Figure 3 



/C:;;;;;;.x:::: 



V^"^_^ c 



/ 



CRC ERR 



Figure 4 



\ 



ERRST 



r 



2_ 

V 



VlH 



M tEW *- 
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Figure 5 




CLKOUT 



SEROUT 



■ 500 ns min- 






«* tpD *" 




VOH 



STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
"^ ,I ^'»MT^ iSW _iyu\A\\j*j IJ i i-ivu tions; consequently complete information sufficient for construction purposes is not necessarily given. The 

information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 

' (516)273-3100 Twx-610 227-8898 devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 

we keep ahead of ouraxnpetfflon so you ran keep ahead of yours, at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATON^^^^= 



COM 8017 
COM 8502 



Universal Asynchronous Receiver/Transmitter 

UART 



FEATURES 

□ Single +5V Power Supply 

□ Direct TTL Compatibility— no interfacing circuits 
required 

□ Full or Half Duplex Operation — can receive and 
transmit simultaneously at different baud rates 

□ Fully Double Buffered — eliminates need for precise 
external timing 

□ Start Bit Verification — decreases error rate 

□ Fully Programmable— data word length; parity mode; 
number of stop bits: one, one and one-half, or two 

□ High Speed Operation— 40K baud, 200ns strobes 

□ Master Reset— Resets all status outputs 

□ Tri-State Outputs— bus structure oriented 

□ Low Power— minimum power requirements 

□ Input Protected — eliminates handling problems 

□ Ceramic or Plastic Dip Package— easy board insertion 

□ Compatible with COM 2017, COM 2502 

□ Compatible with COM 8116, COM 8126, COM 8136, 
COM 8146, COM 8046 Baud Rate Generators 



GENERAL DESCRIPTION 

The Universal Asynchronous Receiver/Transmitter is 
an MOS/LSI monolothic circuit that performs all the 
receiving and transmitting functions associated with 
asynchronous data communications. This circuit is 
fabricated using SMC's patented COPLAMOS® tech- 
nology and employs depletion mode loads, allowing 
operation from a single +5V supply. The duplex mode, 
baud rate, data word length, parity mode, and number 
of stop bits are independently programmable through 
the use of external controls. There may be 5, 6, 7 or 8 
data bits, odd/even or no parity, and 1, or 2 stop bits. In 
addition the COM 8017 will provide 1.5 stop bits when 
programmed for 5 data bits and 2 stop bits. The UART 
can operate in either the full or half duplex mode. These 
programmable features provide the user with the ability 
to interface with all asynchronous peripherals. 
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Pin Configuration 




w 




vcc r_ 


1 40 


] TCP 


NC C 


2 39 


] POE 


Grid f_ 


3 38 


2 NDB1 


RDE r_ 


4 37 


3 NDB2 


RD8 r_ 


5 36 


3 NSB 


RD7 C 


6 35 


] NPB 


RD6 C 


7 34 


] CS 


RD5 C 


8 33 


] TD8 


RD4 C 
RD3 C 




] TD7 
] TD6 


10 




31 


RD2 C 


11 




30 


] TD5 


RD1 r. 

RPE C 








1 TD4 
D TD3 


13 28 


RFE Z 


14 27 


J TD2 


ROR Z 


15 26 


1 TD1 


SWE L 


16 25 


3 TSO 


RCP Z 


17 24 


U TEOC 


RDAR f_ 


18 23 


1 TDS 


RDA C 


19 22 


J TBMT 


RSI Z 


20 21 


D MR 


PACKAGE: 40-Pin 


D.I. P. 



Functional Block Diagram 

TD1 TD2 TD3 TD4 TD5 TD6 TD7 TD8 



CS 

NPB 

NSB 

NDB2 

NDB1 

POE 









26 


27 


28 29 30 


31 ' 32 33 


25, 


23 


TRANSMITTER BUFFER REGISTER 














u 






TRANSMITTER 

SHIFT 

REGISTER 


24 1 








TT 


L-* 


TIMING AND CONTROL TRANSMITTER 


40 > 


16 




34 




IT 








L 1 1 




<>, 




22 


35 . 


CONTROL 
REGISTER 




STATUS 
WORD 
BUFFER 
REGISTER 


36 ' 


13 


37 


14 


38 : 


15 


39 ; 


19| 


' 


18 




^ 






^"l 






1 1 1 




21 
1 




TIMING AND CONTROL RECEIVER 


20 






u 










RECEIVER 

SHIFT 

REGISTER 








u 




4 , 


RECEIVER BUFFER REGISTER 








' 


5 • 


6 


7 


8 


9 


10 


11 


12 

r 



SWE 

TBMT 

RPE 

RFE 

ROR 

RDA 



RDAR 



Vcc 
NC 
Gnd 



RD8 RD7 RD6 RD5 RD4 RD3 RD2 RD1 



DESCRIPTION OF OPERATION — TRANSMITTER 



At start-up the power is turned on, a clock whose 
frequency is 16 times the desired baud rate is 
applied and master reset is pulsed. Under these 
conditions TBMT, TEOC, and TSO are all at a high 
level (the line is marking). 

When TBMT and TEOC are high, the control bits 
may be set. After this has been done the data bits 
may be set. Normally, the control bits are strobed 
into the transmitter prior to the data bits. However, 
as long as mini mum pulse width specifications 
are not violated, TDS and CS ma y occ ur simulta- 
neously. Once the date strobe (TDS) has been 
pulsed the TBMT signal goes low, indicating that 
the data bits buffer register is full and unavailable to 
receive new data. 

If the transmitter shift register is transmitting pre- 
viously loaded data the TBMT signal remains low. 
If the transmitter shift register is empty, or when it is 
through transmitting the previous character, the 
data in the buffer register is loaded immediately into 
the transmitter shift register and data transmission 



commences. TSO goes low (the start bit), TEOC 
goes low, the TBMT goes high indicating that the 
data in the data bits buffer register has been loaded 
into the transmitter shift register and that the data 
bits buffer register is available to be loaded with 
new data. 

If new data is loaded into the data bits buffer register 
at this time, TBMT goes lowand remains in this state 
until the present transmission is completed. One 
full character time is available for loading the next 
character with no loss in speed of transmission. This 
is an advantage of double buffering. 

Data transmission proceeds in an orderly manner: 
start bit, data bits, parity bit (if selected), and the 
stop bit(s). When the last stop bit has been on the 
line for one bit time TEOC goes high. If TBMT is 
low, transmission begins immediately. If TBMT is 
high the transmitter is completely at rest and, if 
desired, new control bits may be loaded prior to the 
next data transmission. 



TRANSMITTER BLOCK DIAGRAM 



ODC 
PAR 

NO NUMBER 
PARITY STOP BITS 

I I 


/EVEN 

TY SELECT 

NUMBER OF 
DATA BITS 

1 1 




DB8 
1 


DB7 DB6 DB5 DB4 
1111 


DB3 
1 


DB2 
1 


DB1 
1 










DATA BITS HOLDING REGISTER 
BUFFER 






CONTROL BITS HOLDING REGISTER 












i 




i 




1 












TO 
RECEIVER 




STEERING LOGIC 














R 
S 






















■" 


' 


' 


















TIMING GENERATOR 




—*—* 


LOAD 
SHIFT 


TRANSMITTER SHIFT REGISTER 




-♦ 


OUTPUT 
LOGIC 








































1 












PARITY BIT GENERATION LOGIC 




K 








' 




1 ' 


























I 



DATA STROBE 



TRANSMITTER 

BUFFER 

EMPTY 



DESCRIPTION OF OPERATION — RECEIVER 



At start-up the power is turned on, a clock whose 
frequency is 16 times the desired baud rate isapplied 
and master reset is pulsed. Thedataavailable(RDA) 
signal is now low. There is one set of control bits for 
both the receiver and transmitter. 

Data reception begins when the serial input line 
transitions from mark (high) to space (low). If the 
RSI line remains spacing for a 1/2 bittime.agenuine 
start bit is verified. Should the line return to a mark- 
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ing condition prior to a 1/2 bit time, the start bit veri- 
fication process begins again. A mark to space 
transition must occur in order to initiate start bit 
verification. Once a start bit has been verified, data 
reception proceeds in an orderly manner: start bit 
verified and received, data bits received, parity bit 
received (if selected) and the stop bit(s) received. 

If the transmitted parity bit does not agree with the 
received parity bit, the parity error flip-flop of the 



status word buffer register is set high, indicating a 
parity error. However, if the no parity mode is se- 
lected, the parity error flip-flop is unconditionally 
held low, inhibiting a parity error indication. If a 
stop bit is not received, due to an improperlyframed 
character, the framing error flip-flop is set high, 
indicating a framing error. 

Once a full character has been received internal 
logic looks at the data available (RDA) signal. If, at 
this instant, the RDA signal is high the receiver 
assumes that the previously received character has 



not been read out and the over-run flip-flop is set 
high. The only way the receiver is aware that data 
has been read out is by having the data available 
reset low. 

At this time the RDA output goes high indicating 
that all outputs are available to be examined. The 
receiver shift register is now available to begin re- 
ceiving the next character. Due to the double buf- 
fered receiver, a full character time is available to 
remove the received character. 



RECEIVER BLOCK DIAGRAM 



RD8 RD7 RD6 RD5 RD4 RD3 RD2 RD1 

T T T T T T T T 



AND GATE 



FRAMING 
ERROR 
OVER RUN T PARITY ERROR 
DATA t f 

AVAILABLE f 




AND GATE 



CONTROL 

BITS FROM 

HOLDING 

REGISTER . 



TIMING GENERATOR 



RIGHT 
JUSTIFY LOGIC 



RECEIVER SHIFT 
CP REGISTER 



DESCRIPTION OF PIN FUNCTIONS 



PIN NO. 


SYMBOL 


NAME 


FUNCTION 


1 


Vcc 


Power Supply 


+5 volt Supply 


2 


NC 


No Connection 


No Connection 


3 


GND 


Ground 


Ground 


4 


RDE 


Received Data 
Enable 


A low-level input enables the outputs (RD8-RD1 ) of the 
receiver buffer register. 



5-12 RD8-RD1 Receiver Data These are the 8 tri-state data outputs enabled by RDE. 

Outputs Unused data output lines, as selected by NDB1 and NDB2, 

have a low-level output, and received characters are right 
justified, i.e. the LSB always appears on the RD1 output. 



13 



RPE 



Receiver Parity This tri-state output (enabled by SWE) is at a high-level if 

Error the received character parity bit does not agree with the 

selected parity. 



14 



RFE 



Receiver Framing 
Error 



This tri-state output (enabled by SWE) is at a high-level if 
the received character has no valid stop bit. 
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DESCRIPTION OF PIN FUNCTIONS 



PIN NO. SYMBOL 



NAME 



FUNCTION 



15 ROR 



19 RDA 



Receiver Over This tri-state output (enabled by SWE) is at a high-level if 

Run the previously received character is not read (RDA output 

not reset) before the present character is transferred into 

the receiver buffer register. 



16 


SWE 


Status Word 
Enable 


A low-level input enables the outputs (RPE, RFE, ROR, 
RDA, and TBMT) of the status word buffer register. 


17 


RCP 


Receiver Clock 


This input is a clock whose frequency is 16 times (16X) the 
desired receiver baud rate. 






Receiver Data 
Available Reset 




18 


RDAR 


A low-level input resets the RDA output to a low-level. 



Receiver Data This tri-state output (enabled by SWE) is at a high-level 

Available when an entire character has been received and transferred 

into the receiver buffer register. 



20 RSI 



Receiver Serial This input accepts the serial bit input stream. A high-level 

Input (mark) to low-level (space) transition is required to initiate 

data reception. 



21 MR 



Master Reset This input should be pulsed to a high-level after power 

turn-on. This sets TSO, TEOC, and TBMT to a high-level 
and resets RDA, RPE, RFE and ROR to a low-level. 



22 TBMT Transmitter This tri-state output (enabled by SWE) is at a high-level 

Buffer Empty when the transmitter buffer register may be loaded with 

new data. 



23 TDS 



Transmitter A low-level input strobe enters the data bits into the 

Data Strobe transmitter buffer register. 



24 TEOC Transmitter End Thisoutputappearsasahigh-leveleachtimeafullcharacter 

of Character is transmitted. It remains at this level until the start of 

transmission of the next character or for one-half of a TCP 
period in the case of continuous transmission. 



25 TSO 



Transmitter This output serially provides the entire transmitted 

Serial Output character. TSO remains at a high-level when no data is 

being transmitted. 



26-33 TD1-TD8 



Transmitter 
Data Inputs 



There are 8 data input lines (strobed by TDS) available. 
Unused data input lines, as selected by NDB1 and NDB2, 
may be in either logic state. The LSB should always be 
placed onTDL 



34 CS 



Control Strobe A high-level input enters the control bits (NDB1, NDB2, 

NSB, POE and NPB) into the control bits holding register. 
This line may be strobed or hard wired to a high-level. 



35 NPB 



No Parity Bit A high-level input eliminates the parity bit from being 

transmitted; the stop bit(s) immediately follow the last data 
bit. In addition, the receiver requires the stop bit(s) to follow 
immediately after the last data bit. Also, the RPE output is 
forced to a low-level. See pin 39, POE. 
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DESCRIPTION OF PIN FUNCTION 



PIN NO. SYMBOL 



NAME 



FUNCTION 



36 



NSB 



Number of 
Stop Bits 



This input selects the number of stop bits. A low-level input 
selects 1 stop bit; a high-level input selects 2 stop bits. 
Selection of 2 stop bits when programming a 5 data bit word 
generates 1.5 stop bits from the COM 8017 or COM 8017/H. 



37-38 NDB2, 

NDB1 



Number of Data These 2 inputs are internally decoded to select either 5, 6, 7, 

Bits/Character or 8 data bits/character as per the following truth table: 

NDB2 NDB1 data bits/character 

L L 5 

L H 6 

H L 7 

H H 8 



39 



POE 



Odd/Even Parity The logic level on this input, in conjunction with the NPB 

Select input, determines the parity mode for both the receiver and 

transmitter, as per the following truth table: 

NPB POE MODE 

L L odd parity 

L H even parity 

H X no parity 

X = don't care 



40 



TCP 



Transmitter 
Clock 



This input is a clock whose frequency is 16 times (16X) the 
desired transmitter baud rate. 



TRANSMITTER TIMING — 8 BIT, PARITY, 2 STOP BITS 



TDS | | 


TBMT 


II I 


I 








TSO 


— *l Bit k— 


. JDATA8|PARITY|STOP1 STOP 2 1 START 






TEOC 


I time 


I 



TRANSMITTER START-UP 



TCP 
TDS 
TSO 



i time 



Upon data transmission initiation, or when not transmitting at 100% lineutilization.thestart bit wil l be placed 
on the TSO line at the high to low transition of the TCP clock following the trailing edge of TDS. 



RECEIVER TIMING -8 BIT, PARITY, 2 STOP BITS 

| START [DATA l]" TdATA 8~[pARITy| STOP 1 STOP 2 1 START 



RDA" 
RDA" 



'The RDA line was previously not reset (ROR = high-level). 
"The RDA line was previously reset (ROR = low-level). 



START BIT DETECT/VERIFY 



M . C — Begin verify 




If the RSI line remains spacing for a 1/2 bit time, a genuine start bit is verified. Should the line return to a 
marking condition prior to a 1/2 bit time, the start bit verification process begins again. 
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MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range 0°Cto+ 70°C 

Storage Temperature Range -55°C to-M50°C 

Lead Temperature (soldering, 10 sec.) +325°C 

Positive Voltage on any Pin, with respect to ground +8.0V 

Negative Voltage on any Pin. with respect to ground -0.3V 

Stresses above those listed may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or at any other condition above 
those indicated in the operational sections of this specification is not implied. 
NOTE: When powering this device from laboratory or system powersupplies, it is important 
that the Absolute Maximum Ratings not be exceeded or device failure can result. Some 
power supplies exhibit voltage spikes or "glitches" on their outputs when the AC power is 
switched on and off. In addition, voltage transients on the AC power line may appear on the 
DC output. If this possibility exists it is suggested that at clamp circuit be used. 



ELECTRICAL CHARACTERISTICS (Ta = 0° C to 70° C, Vcc = +5V ±5%, unless otherwise noted) 



Parameter 


Min. 


Typ. 


Max. 


Unit 


Comments 


D.C. CHARACTERISTICS 












INPUT VOLTAGE LEVELS 












Low-level, Vil 







0.8 


V 




High-level, Vih 


2.0 




Vcc 


V 




OUTPUT VOLTAGE LEVELS 












Low-level, Vol 






0.4 


V 


Iol = 1.6mA 


High-level, Voh 


2.4 






V 


Ioh = -100/l/A 


INPUT CURRENT 












Low-level, Iil 






300 


VA 


Vin = Gnd 


OUTPUT CURRENT 












Leakage, Ilo 






±10 


fjA 


SWE = RDE = Vih, < Vout < +5V 


Short circuit, los** 






30 


mA 


Vout = 0V 


INPUT CAPACITANCE 












All inputs, Cin 




5 


10 


pf 




OUTPUT CAPACITANCE 












All outputs, Cout 




10 


20 


Pf 


SWE = RDE = Vih 


POWER SUPPLY CURRENT 












Ice 






25 


mA 


All outputs = Voh, All inputs = Vcc 


A.C. CHARACTERISTICS 










Ta = +25°C 


CLOCK FREQUENCY 












COM8502, COM 8017 


DC 




640 


KHz 


RCP, TCP 


PULSE WIDTH 












Clock 


0.7 






fJS 


RCP, TCP 


Master reset 


500 






ns 


MR 


Control strobe 


200 






ns 


CS 


Transmitter data strobe 


200 






ns 


TDS 


Receiver data available reset 


200 






ns 


RDAR 


INPUT SET-UP TIME 












Data bits 


>0 






ns 


TD1-TD8 


Control bits 


>0 






ns 


NPB, NSB, NDB2, NDB1, POE 


INPUT HOLD TIME 












Data bits 


>0 






ns 


TD1-TD8 


Control bits 


>0 






ns 


NPB, NSB, NDB2, NDB1, POE 


STROBE TO OUTPUT DELAY 










Load =20pf+1TTL input 


Receive data enable 






350 


ns 


RDE: Tpdi, Tpdo 


Status word enable 






350 


ns 


SWE: Tpdi, Tpdo 


OUTPUT DISABLE DELAY 






350 


ns 


RDE, SWE 



"Not.more than one output should be shorted at a time. 



NOTES: 1 . If the transmitter is inactive (TEOC and TBMT ar e at a high-level) the start bit will appear on the TSO line within 
one clock period (TCP) after the trailing edge of TDS. 

2. The start bit (mark to space transition) will always be detected within one clock period of RCP, guaranteeing 
a maximum start bit slippage of 1/16th of a bit time. 

3. The tri-state output has 3 states: 1) low impeda nce to Vc c 2) lo w impedance to GND 3) high impedance OFF s 
10M ohms The "OFF" state is controlled by the SWE and RDE inputs. 
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DATA/CONTROL TIMING DIAGRAM 



TDS 



DATA INPUTS 
tr = tf = 20 ns 
Tset-up>0 
Thold >0 



CS 



CONTROL INPUTS 



Vih 
Vn 



TSET-UP 



X 



Vih 
Vil 



Vih 
Vil 



X 



/ 



TSET-UP 

Vih 
Vil 



X 



Tpw* 



Tpw* 



/ 



Thold 



X 



\ 



Thold 



X 



*lnput information (Data/Control) need onl y be v alid during 
the last Tpw, min time of the input strobes (TDS, CS). 



OUTPUT TIMING DIAGRAM 



RDE, SWE 


Vil J 


r 






__j( 












"*— Outputs Disabled 


OUTPUTS 

(RD1-RD8, RDA, 

RPE, ROR, RFE.TBMT) 




^ r - VOH 
/r Vol 






< 


— Tpdi, Tpdo - 


* 





NOTE: Waveform drawings not to scale for clarity. 



RDAR 






< 200ns *- 



V 



TDS 



/ 



VlH 



\ 



Vol 



RDA 



< 300ns 



TMBT 



\ 



Vol 



400ns 
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FLOW CHART— TRANSMITTER 



1. TURN POWER ON 

2. PULSE EXTERNAL RESET 

3. SELECT BAUD RATE — 16 xCLK 



TBMT - I 
EOC' 1 
SO = 1 (STOP BIT) 



SET CONTROL BITS-PULSE CS 




TRANSMIT START BIT. DATA 
BITS. SELECTED PARITY MODE. 
AND STOP BIT(S) 




FLOW CHART— RECEIVER 



1 TURN POWER ON 

2 PULSE EXTERNAL RESET 

3 SELECT BAUD RATE-16xCLI 

4 SET CONTROL BITS 




SET FRAMING 
ERROR REGISTER 
TO 1 



SET OVER-RUN 
REGISTER 
TO 1 




ES SET PARITY 

ERROR REGISTER 
TOO 



SET FRAMING 
ERROR REGISTER 
TOO 



SET OVER-RUN 

REGISTER 

TOO 



EXAMINE OUTPUTS 

1. STROBE STATUS WORD ENABLE 

2. STROBE DATA ENABLE 



RESET DATA AVAILABLE — DA = 



STANDARD MICROSYSTEMS 
CORPORATION ,g=^= 

— — — WBT 35 Marcus BM Haroauoe. HY 11788 
J^J 15161273-3100 WX- 510-227-8898 

We keep ahead of our competition so »ou can teep ahead of yours. 



Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPOR/JTK)ri^^^= 



COM 8251A 

fJLPC FAMILY 



Universal Synchronous /Asynchronous 
Receiver/Transmitter 



FEATURES 



USART 



□ Asynchronous or Synchronous Operation 

— Asynchronous: 
5-8 Bit Characters 

Clock Rate — 1, 16 or 64 X Baud Rate 
Break Character Generation 
1,1 1 / 2 or2StopBits 
False Start Bit Detection 
Automatic Break Detect and Handling 

— Synchronous: 
5-8 Bit Characters 

Internal or External Character Synchronization 
Automatic Sync Insertion 
Single or Double Sync Characters 
Programmable Sync Character(s) 

□ Baud Rate — Synchronous — DC to 64K Baud 

— Asynchronous — DC to 19. 2K Baud 

□ Baud Rates available from SMC's COM 8116, 
COM 8126, COM 8136, COM 8146, and COM 8046 

□ Full Duplex, Double Buffered Transmitter and 
Receiver 

□ Odd parity, even parity or no parity bit 

□ Parity, Overrun and Framing Error Flags 
D Modem Interface Controlled by Processor 

□ All Inputs and Outputs are TTL Compatible 

GENERAL DESCRIPTION 

The COM 8251 A is an MOS/LSI device fabricated 
using SMC's patented COPLAMOS® technology that 
meets the majority of asynchronous and synchronous 
data communication requirements by interfacing 
parallel digital systems to asynchronous and 
synchronous data communication channels while 
requiring a minimum of processor overhead. The 
COM 8251 A is an enhanced version of the 8251. 

The COM 8251A is a Universal Synchronous/ 
Asynchronous Receiver/Transmitter (USART) 
designed for microcomputer system data 
communications. The USART is used as a peripheral 
and is programmed by the processorto communicate 
in commonly used asychronous and synchronous 
serial data transmission techniques including IBM 
Bi-Sync. The USART receives serial data streams and 
converts them into parallel data characters for the 
processor. While receiving serial data, the USART 
will also accept data characters from the processor in 
parallel format, convert them to serial format and 
transmit. The USART will signal the processor when it 
has completely received or transmitted a character 
and requires service. Complete USART status, 
including data format errors and control signals such 
as TxE and SYNDET, is available to the processor at 
anytime. 
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PIN CONFIGURATION 




D2 1 rz 


W 


Z] 28 D1 


D3 2 rz 




Z] 27 DO 


RxD 3 C 




ZJ 26 Vcc 


GND 4 C 




ZJ 25 RxC 


D4 5 fZ 

D5 6 rz 




Z] 24 DTR 

Zl 23 RTS 




D6 7 rz 




Z) 22 DSR 


D7 8 rz 




^j 21 RESET 


txc 9 rz 

wr 10 rz 




Z] 20 CLK 
ZJ 19 TxD 




cs 11 rz 




ZJ 18 TxEMPTY 


c/d 12 rz 




Z] 17 CTS 


rd 13 rz 




Zl 16 SYNDET/BD 


RxRDY 14 LZ 




ZJ 15 TxRDY 


PACKAGE: 28-pin 


D.I. P. 



□ Compatable with Intel 8251A, NEC/yPD8251A 

□ Single +5 Volt Supply 

□ Separate Receive and Transmit TTL Clocks 

□ Enhanced version of 8251 

□ 28 Pin Plastic or Ceramic DIP Package 

□ COPLAMOS® N-Channel MOS Technology 

BLOCK DIAGRAM 



<»-°°0_^ 



DATA 

BUS 

BUFFER 



RESET - 
CLK- 
C/D- 



A K. I K TRANSMIT 

f ; y BUFFER 

N — V I — V (P-S) 



READ/WRITE 

CONTROL 

LOGIC 



o 



DSR- 
DTR . 

CTS ■ 

RTS • 



« 



c 



RECEIVE 
BUFFER 
(S-P) 



I IVI1 Wl 



PIN NO. 


SYMBOL 


NAME 


INPUT/ 
OUTPUT 


FUNCTION 


1,2,27, 
28,5-8 


D2, D3, DO, 
D1.D4-D7 


DATA BUS 


I/O 


An 8-bit, 3-state bi-directional DATA BUS used to interface the 
COM 8251A to the processor data bus. Data is transmitted or 
received by the bus in response to input/output or Read/Write 
instructions from the processor. The DATA BUS also transfers 
Control words, Command words, and Status. 


3 


RxD 


RECEIVER DATA 


I 


This input receives serial data into the USART. 


4 


GND 


GROUND 


GND 


Ground 


9 


TxC 




I 




TRANSMITTER 


TheTRANSMITTER CLOCK controls the serial charactertrans- 
mission rate. In the Asynchronous mode, the TxC frequency is 
a multiple of the actual Baud Rate. Two bits of the Mode Instruc- 
tion select the multiple to belX, 16X, or64Xthe Baud Rate. In the 
Synchronous mode, the TxC frequency is automatically se- 
lected to equal the actual Baud Rate. 

Note that for both Synchronous and Asynchronous modes, 
serial data is shifted out of theUSART by thefallingedgeof TxC. 


clock 


10 


Wr 




I 


A "zero" on this input instructs the COM 8251A to accept the 
data or control word which the processor is writing out to the 
USART via the DATA BUS. 


WRITE DATA 


11 


CS 




I 


A"zero" on this input enables the USART for reading and writing 
to the processor. When CS" is high, the DATA BUS is in the float 
state and RT3 and WR will have no effect on the chip. 


CHIP SELECT 


12 


C/D 




I 


The Control/Data input, in conjunction with the WR and RT3 
inputs, informs the USART to accept or provide either a data 
character, control word or status information via the DATA BUS. 
= Data; 1 = Control/Status 


CONTROL/DATA 


13 


RD 




I 


A "zero" on this input instructs the COM 8251 A to place thedata 
or status information onto the DATA BUS for the processor 
to read. 


READ DATA 


14 


RxRDY 


RECEIVER READY 


O 


The RECEIVER READY output indicates that the Receiver 
Buffer is ready with an "assembled" character for input to the 
processor. For polled operation, the processor can check 
RxRDY using a Status Read or RxRDY can be connected to the 
processor interrupt structure. Note that reading the character 
to the processor automatically resets RxRDY. 


15 


TxRDY 


TRANSMITTER READY 


O 


TRANSMITTER READY signals the processor that the trans- 
mitter is ready to accept a data character. TxRDY can be used 
as an interrupt or may be tested through the Status information 
polled operaton. TxRDY is automatically reset by the leading 
edge of WR when a data character is loaded from the processor. 


16 


SYNDET/ 
BRKDET 


SYNC DETECT/ 
BREAK DETECT 


I/O 


The SYNDET feature is only used in the Synchronous mode. 
The USART may be programmed through the Mode Instruction 
to operate in either the internal or external Sync mode and 
SYNDET then functions as an output or input respectively. In 
the internal SYNC mode, the SYNDET output will go to a "one" 
when the COM 8251A has located the SYNC character in the 
Receive mode. If double SYNC character (bi-sync) operation 
has been programmed, SYNDET will go to "one" in the middle 
of the last bit of the second contiguously detected SYNC char- 
acter. SYNDET is automatically reset to "zero" upon a Status 
Read or RESET. In the external SYNC mode, a "zero" to "one" 
transition on theSYNDET input is sampled during the negative 
half cycle of RxC and will cause the COM 8251A to start as- 
sembling data character on the next rising edge of RxC. The 
length of the SYNDET input should be at least one RxC period, 
but may be removed once the COM 8251 A is in SYNC. When 
external SYNC DETECT is programmed, the internal SYNC 
DETECT is disabled. 
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PIN NO. 


SYMBOL 


NAME 


INPUT/ 
OUTPUT 


FUNCTION 


16 
(cont.) 








The SYNDET/BRKDET pin is used in both Synchronous and 
Asynchronous modes. When in SYNC mode the features for 
the SYNDET pin described above apply. When in Asynchronous 
mode, the BREAK DETECT output will go high when an all zero 
word of the programmed length is received. This word consists 
of: start bit, data bit, paritybitandonestopbit.Resetonlyoccurs 
when Rx Data returns to a logic one state or upon chip RESET. 
The state of BREAK DETECT can also be read as a status bit. 


17 


CTS 




I 




CLEAR TO SEND 


A "zero" on the CLEAR TO SEND input enables the USART to 
transmit serial data if the TxEN bit in the Command Instruction 
register is enabled (one). 

If either a TxEN off or CTS off condition occurs while the Tx is 
in operation, the Tx will transmit all thedata in theUSART written 
prior to the Tx Disable command before shutting down. 


18 


TxE 


TRANSMITTER EMPTY 


O 


The TRANSMITTER EMPTY output signals the processorthat 
the USART has no further characters to transmit. TxE is auto- 
matically reset upon receiving adatacharacterfromtheproces- 
sor. In half-duplex, TxE can be used to signal end of a trans- 
mission and request the processor to "turn the line around". 
The TxEN bit in the command instruction does not effect TxE. 

In the Synchronous mode, a "one" on this output indicates that 
a SYNC character or characters are about to be automatically 
transmitted as "fillers" because the next data character has not 
been loaded; an underflow condition. If the USART is operat- 
ing in the two SYNC character mode, both SYNC characters will 
be transmitted before the message can resume. TxE does not 
go low when the SYNC characters are being shifted out. TxE 
goes low upon the processor writing a character to the USART. 


19 


TxD 


TRANSMITTER DATA 





This output is the transmitted serial dataf rom the USART. When 
a transmission is concluded the TxD line will always return to 
the marking state unless SBRK is programmed. 


20 


CLK 


CLOCK PULSE 


I 


The CLK input provides for internal device timing. External 
inputs and outputs are not referenced to CLK, but the CLK 
frequency must be greater than 30 times the RECEIVER or 
TRANSMITTER CLOCKS in the 1X mode and greater than 4.5 
times for the 16X and 64X modes. 


21 


RESET 


RESET 


I 


A "one" on this input forces the USART into the "idle" mode 
where it will remain until reinitialized with a new set of control 
words. RESET causes: RxRDY=TxRDY=TxEmpty=SYNDET/ 
BRKDET = 0; TxD = DTR = RST = 1. Minimum RESET pulse 
width is 6 tcv, CLK must be running during RESET. 


22 


DSR 




I 




DATA SET READY 


The DATA SET READY input can be tested by the processor 
via Status information. The DSR input is normally used to test 
Modem Data Set Ready condition. 


23 


RTS 









REQUEST TO SEND 


The REQUEST TO SEND output is controlled viatheCommand 
word. The RTS output is normally used to drive the Modem 
Request to Send line. 


24 


OTr 




o 




DATA TERMINAL 


The DATA TERMINAL READY output is controlled via the 
Command word. The DTR output is normally used to drive 
Modem Data Terminal Ready or Rate Select lines. 


READY 


25 


RxC 




I 




RECEIVER CLOCK 


The RECEIVER CLOCK is the rate at which the incoming char- 
acter is received. In the Asynchronous mode, theRxCfrequency 
may be 1, 16 or 64 times the actual Baud Rate but in the Syn- 
chronous mode the RxC frequency must equal the Baud Rate. 
Two bits in the mode instruction select Asynchronous at 1X, 
16X or 64X or Synchronous operation at 1X the Baud Rate. 

Data is sampled into the USART on the rising edge of RxC. 


26 


Vcc 


Vcc SUPPLY VOLTAGE 


PS 


+5 volt supply 
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DESCRIPTION OF OPERATION— ASYNCHRONOUS 



Transmission— 

When a data character is written into the USART, it auto- 
matically adds a START bit (low level or "space") and the 
number of STOP bits (high level or "mark") specified. by 
the Mode Instruction. If Parity has been enabled, an odd 
or even Parity bit is inserted just before the STOP bit(s), 
as spec ified by the Mode Instruction. Then, depending 
on CTS and TxEN, the character may be transmitted as a 
serial data stream a ttheT xD output. Data is shifted out by 
the falling edg e of TxC at a transmission rate of TxC, 
TxC/16 or TxC/64, as defined by the Mode Instruction. 

If no data characters have been loaded into the USART, or 
if all available characters have been transmitted, the TxD 
output remains "high" (marking) in preparation for send- 
ing the START bit of the next character provided by the 
processor. TxD may be forced to send a BREAK (con- 
tinuously low) by setting the correct bit in the Command 
Instruction. 



Receive— 

The RxD input line is normally held "high" (marking) by 
the transmitting device. A falling edge (high to low transi- 
tion) at RxD signals the possible beginning of a START bit 
and a new character. The receiver is thus prevented from 
starting in a "BREAK" state. The START bit is verified by 
testing for a "low" at its nomi nal center as specified by the 
BAUD RATE. If a "low" is detected, it is considered valid, 
and the bit assembling counter starts counting. The bit 
counter locates the approximate center of the data, parity 
(if specified), and STOP bits. The parity error flag (PE) is 
set, if a parity error occurs. Inpu t bits are sampled at the 
RxD pin with the rising edge of RxC. If a high is not de- 
tected for the STOP bit, which normally signals the end 
of an input character, a framing error (FE) will beset. After 
the STOP bit time, the input character is loaded into the 
paralled Data Bus Buffer of the USART and the RxRDY 
signal is raised to indicate to the processor that a character 
is ready to be fetched. If the processor has failed to fetch 
the previous character, the new character replaces the old 
and overrun flag (OE) is set. All the error flags can be reset 
by setting a bit in the Command Instruction. Error flag 
conditions will not stop subsequent USART operation. 



DESCRIPTION OF OPERATION— SYNCHRONOUS 



Transmission— 

As in Asynchronous transmission, the TxD output re- 
mains "high" (marking) until the USART receives the first 
character (usually a SYNC character) from the processor. 
After a Command Instruction has set TxEN and after 
CleartoSend (CTS) goes low, the firstcharacter is serially 
transmitted. Data i s shif ted out on the falling edge of TxC 
at the same rate as TxC. 

Once transmission has started, Synchronous Data Pro- 
tocols requ ire that the serial data stream at TxD continue 
at the TxC rate or SYNC will be lost. If a data character is 
not provided by the processor beforethe USARTTransmit 
Buffer becomes empty, the SYNC character(s) loaded 
directly following the Mode Instruction will be automat- 
ically inserted in the TxD data stream. The SYNC char- 
acters) are inserted to fill the line and maintain synchron- 
ization until the new data characters are available for 
transmission. If the USART becomes empty, and must 
send the SYNC character(s), the TxEMPTY output is 
raised to signal the processor that the Transmitter Buffer 
is empty and SYNC characters are being transmitted. 
TxEMPTY is automatically reset by the next character 
from the processor. 

Receive— 

In Synchronous receive, character synchronization can 
be either external or internal. If the internal SYNC mode 



has been selected, the ENTER HUNT (EH) bit has been 
set by a Command Instruction, the receiver goes into the 
HUNT mode. 

Incomin g da ta on the RxD input is sampled on the rising 
edge of RxC, and the contents of the Receive Buffer are 
compared with the first SYNC character after each bit has 
been loaded until a match is found. If twoSYNC characters 
have been programmed, the next received character is 
also compared. When the (two contiguous) SYNC char- 
acters) programmed have been detected, the USART 
leaves the HUNT mode and is in character synchroniza- 
tion. At this time, the SYNDET (output) isset high. SYNDET 
is automatically reset by a STATUS READ. 

If external SYNC has been specified in the Mode Instruc- 
tion, a "o ne" applied to the SYNDET (input) for at least 
one RxC cycle will synchronize the USART. 

Parity and Overrun Errors are treated the same in the 
Synchronous as in the Asynchronous Mode. If not in 
HUNT, parity will continue to be checked even if the re- 
ceiver is not enabled. Framing errors do not apply in the 
Synchronous format. 

The processor may command the receiver to enter the 
HUNT mode with a Command Instruction which sets 
Enter HUNT (EH) if synchronization is lost. Under this 
condition the Rx register will be cleared to all "ones". 
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OPERATION AND PROGRAMMING 



The microprocessor program controlling the COM 8251A 
performs these tasks: 

• Outputs control codes 

• Inputs status 

• Outputs data to be transmitted 

• Inputs data which has been received 



Control codes determine the mode in which the COM 
8251 A will operate and are used to set or reset control 
signals output by the COM 8251A. 

The Status register contents will be read by the program 
monitoring this device's operation in order to determine 
error conditions, when and how to read data, write data or 
output control codes. Program logic may be based on 
reading status bit levels, or control signals may be used 
to request interrupts. 



INITIALIZING THE COM 8251A 



Figure 1. Control Word Sequences for Initialization 



C/D = 1 



C/D = ■ 



C/D = 1 



MODE CONTROL 



i 



INITIALING 
SEQUENCE 



( 


MODE CONTROL 


C/D=1 ■< 


SYNC #1 


SYNC #2 
(OPTIONAL) 




COMMAND 


C/D = < 


DATA 




C/D = 1 


COMMAND 


C/D = < 


DATA 


; 



INITIALING 
SEQUENCE 



ASYNCHRONOUS OPERATION 



SYNCHRONOUS OPERATION 



The COM 8251A may be initialized following a system 
RESET or prior to starting a new serai I/O sequence. The 
USART must be RESET (external or internal) following 
power up and subsequently may be reset at any time 
following completion of one activity and preceding a 
new set of operations. Following a reset, the COM 8251A 
enters an idle state in which it can neither transmit nor 
receive data. 

The COM 8251 A is initialized with two, three or four con- 
trol words from the processor. Figure 1 showsthesequence 
of control words needed to initialize the COM 8251A, for 
synchronous or for asynchronous operation. Note that 
in asynchronous operation a mode control is output to 
the device followed by a command. For synchronous 
operation, the mode control is followed by one or two 
SYNC characters, and then a command. 

Only a single address is set aside for mode control bytes, 
command bytes and SYNC character bytes. For this to be 
possible, logic internal to the chip directs control informa- 
tion to its proper destination based on the sequence in 
which it is received. Following a RESET (external or inter- 
nal), the first control code output is interpreted as a mode 
control. If the mode control specifies synchronous opera- 
tion, then the next one or two bytes (as determined by the 



mode byte) output as control codes will be interpreted as 
SYNC characters. For either asynchronous or synchro- 
nous operation, the next byte output as a control code is 
interpreted as a command. All subsequent bytes output 
as control codes are interpreted as commands. There are 
two ways in which control logic may return to anticipating 
a modecontrol input; following aRESETinputorfollowing 
an internal reset command. A reset operation (internal via 
IR or external via RESET) will cause the USART to inter- 
pret the next "control write", which should immediately 
follow the reset, as a Mode Instruction. 

After receiving the control words the USART is ready to 
communicate. TxRDY is raised to signal the processor 
that the USART is ready to receive a character for trans- 
mission. Concurrently, the USART is ready to receive 
serial data. 



C/D 


RD 


WH 


C5 










1 





USART - Data Bus 





1 








Data Bus - USART 


1 





1 





Status — Data Bus 


1 


1 








Data Bus — Control 


X 


X 


X 


1 


Data Bus — 3-State 


X 


1 


1 
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MODE CONTROL CODES 



The COM 8251A interprets mode control codes as illus- 
trated in Figures 2 and 3. 

Control code bitsOandl determine whethersynchronous 
or asynchronous operation is specified. A non-zero value 
in bits and 1 specifies asynchronous operation and de- 
fines the relationship between data transfer baud rate and 
receiver or transmitter clock rate. Asynchronous serial 
data may be received or transmitted on every clock pulse, 
on every 16th clock pulse, or on every 64th clock pulse, 
as programmed. A zero in both bits and 1 defines the 
mode of operation as synchronous. 

For synchronous and asynchronous modes, control bits 
2 and 3 determine the number of data bits which will be 
present in each I data character. In the case of a prog rammed 
character length of less than 8 bits, the least significant 
DATA BUS unused bits are "don't care" when writing data 
to the USART and will be "zeros" when reading data. Rx 
data will be right justified onto DO and the LSB forTx data 
is DO. 

For synchronous and asynchronous modes, bits 4 and 5 



determine whether there will be a parity bit in each char- 
acter, and if so, whether odd oreven parity will beadopted. 
Thus in synchronous mode a character will consist of five, 
six, seven or eight data bits, plus an optional parity bit. In 
asynchronous mode, the data unit will consist of five, six, 
seven or eight data bits, an optional parity bit, a preceeding 
start bit, plusl, IV2 or 2 trailing stop bits. Interpretation of 
subsequent bits differs for synchronous or asynchronous 
modes. 

Control code bits 6 and 7 in asynchronous modedetermine 
how many stop bits will trail each data unit. "IV2 stop bits 
can only be specified with a 16X or 64X baud rate factor. 
In these two cases, the half stop bit will be equivanlent to 
8 or 32 clock pulses, respectively. 

In synchronous mode, control bits 6 and 7 determine 
how character synchronization will be achieved. When 
SYNDET is an output, internal synchronization isspecified ; 
one or two SYNC characters, as specified by control bit 7, 
must be detected at the head of a data stream in order to 
establish synchronization. 



COMMAND WORDS 



Command words are used to initiate specific functions 
within the COM 8251A such as, "reset all error flags" or 
"start searching for sync". Consequently, Command 
Words may be issued bytheprocessortotheCOM8251A 
at any time during the execution of a program in which 



specific functions are to be initialized within the com- 
munication circuit. 

Figure 4 shows the format for the Command Word. 





Figure 4. COM 8251A Control Command 

7 6 5 4 3 2 1 0-* Bit No. 






~r 
















> 


1 > 


1 1 


i , 


i i 


1 - 


1 , 


k , 


1 


TxEN 






= Disable transmission 
DTR 




1 = DTR output is forced to 
RxE 




0= Disable RxRDY 
SBRK 




= Normal operation 
ER 




Status register (PE, OE, FE) 
RTS 




1 = RTS output is forced to 
IR 




1 = Reset format 
EH 






1 = Enter HUNT mode 
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Figure 2. Synchronous Mode Control Code. 



Bit No. 



Sync mode 

00 5 bits per character 

01 6 bits per character 

10 7 bits per character 

11 8 bits per character 

= Parity disable, 1 = Parity enable 

= Odd parity, 1 = Even parity 

= SYNDET output 
1=SYNDET input 

= 2 SYNC characters 

1 = 1 SYNC character 



Figure 3. Asynchronous Mode Control Code. 



7 6 5 4 



1 0-«- 



■ Bit No. 



00 Invalid (SYNC mode) 

_ 01 Async mode, 1 X Baud rate factor 

" 1 Async mode, 1 6X Baud rate factor 

1 1 Async mode, 64X Baud rate factor 

00 5 bits per character 

. 01 6 bits per character 

10 7 bits per character 

11 8 bits per character 

■ = Parity disable, 1 = Parity enable 

■0 = Odd parity, 1 = Even parity 

00 Invalid 

.01 1 stop bit 

10 Vk stop bits 

11 2 stop bits 



155 



Bit of the Command Word is the Transmit Enable bit 
(TxEN). Data transmission for the CO M 825 1A cannot 
take place unless TxEN is set (assuming CTS = 0) in the 
command register. TheTX Disable command is prevented 
from halting transmission by the Tx Enable logic until all 
data previously written has been transmitted. Figure 5 
defines the way in which TxEN, TxE and TxRDY combines 
to control transmitter operations. 

Bit 1 is the Data Termina l Rea dy (DTR) bit. When the DTR 
com mand bit is set, the DTR output connection is active 
(low). DTRisusedtoadviseamodemthatthedataterminal 
is prepared to accept or transmit data. 



Bit 2 is the Receiver Enable Command bit (RxE). RxE is 
used to enable the RxRDY output signal. RxE, when zero, 
prevents the RxRDY signal from being generated to notify 
the processor that a complete character is framed in the 
Receive Character Buffer. It does not inhibit the assembly 
of data characters at the input, however. Consequently, 
if communication circuits are active, characters will be 
assembled by the receiver and transferred to the Receiver 
Buffer. If RxE is disabled, the overrun error (OE) will prob- 
ably be set; to insure proper operation, the overrun error 
is usually reset with the same command that enables RxE. 





Figures. 
Operation of the Transmitter Section as a Function of TxE, TxRDY and TxEN 


TxEN 
1 


TxE TxRDY 
1 1 Transmit Output Register and Transmit Character Buffer empty. 
TxD continues to mark if COM 8251 A is in the asynchronous mode. 
TxD will send SYNC pattern if COM 8251A is in the Synchronous 
Mode. Data can be entered into Buffer. 


1 


1 Transmit Output Register is shifting a character. Transmit Character 
Buffer is available to receive a new byte from the processor. 


1 


1 Transmit Register has finished sending. A new character is waiting 
for transmission. This is a transient condition. 


1 


Transmit Register is currently sending and an additional character 
is stored in the Transmit Character Buffer for transmission. 





0/1 0/1 Transmitter is disabled. 



Bit3istheSendBreakCommandbit(SBRK).WhenSBRK 
is set, the transmitter output (TxD) is interrupted and a 
continuous binary "0" level, (spacing) isappliedtotheTxD 
output signal. The break will continue until a subsequent 
Command Word is sent totheCOM8251AtoremoveSBRK. 

Bit 4 is the Error Reset bit (ER). When a Command Word 
is transferred with the ER bit set, all three error flags (PE, 
OE, FE) in the Status Register are reset. Error Reset occurs 
when the Command Word is loaded into the COM 8251 A. 
No latch is provided in the Command Registerto savethe 
ER command bit. 



Bit 5, the Request To Se nd Command bit (RTS), sets a 
latch to reflect the RTS signal level. The output of this 
latch is created independently of other signals in the 
COM 8251A. As a result, data transfers may be made by 
the processor to the Transmit Register, and data may be 
actively transmitted to the co mmun ication line through 
TxD regardless of the status of RTS. 

Bit 6, the Internal Reset (IR), causes the COM 8251A to 



return to the Idle mode. All functions within the COM 
8251A cease and no new operation can be resumed until 
the circuit is reinitialized. If the operating mode is to be 
altered during the execution of a processor program, the 
COM 8251A must first be reset. Either the RESET input 
can be activated, or the Internal Reset Command can be 
sent to the COM 8251A. Internal Reset is a momentary 
function performed only when the command is issued. 

Bit 7 is the Enter Hunt command bit (EH). The Enter Hunt 
mode command is only effective for the COM 8251 A when 
it is operating in the Synchronous mode. EH causes the 
receiver to stop assembling characters at the RxD input, 
clear the Rx register to all "ones", and start searching for 
the prescribed sync pattern. Once the "Enter Hunt" mode 
has been initiated, the search for the sync pattern will 
continue indefinitely until EH is reset when a subsequent 
Command Word is sent, when the IR command is sent to 
theCOM8251A, orwhenSYNCcharacters are recognized. 
Parity is not checked in the EH mode. 



STATUS REGISTER 



The Status Register maintains information about the 
current operational status of the COM 8251 A. Status can 
be read at any time, however, the status update will be 
inhibited during status read. Figure 6 shows the format of 
the Status Register. 

TxRDY signals the processor that theTransmit Character 
Buffer is empty and that the COM 8251 A can accept a new 
character for transmission. The TxRDY status bit is not 



totally equivalent to theTxRDY output pin, the relationship 
is as follows: 

TxRDY (status bit) = Tx Character Buffe r Emp ty 
TxRDY (pin 15) = Tx Character Buffer Empty • CTS • TxEN 

RxRDY signals the processor that a completed character 
is holding in the Receive Character Buffer Register for 
transfer to the processor. 
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Figure 6. The COM 8251A Status Register 

7 6 5 4 3 2 1 -« Bit No. 



n a 



TxRDY 



RxRDY 



TxE 



PE 

Parity error 

OE 

Overrun error 

FE 

Framing error 

SYNDET/BRKDET 



DSR 



TxE signals the processor that the Transmit Register 
is empty. 

PE is the Parity Error signal indicating to the CPU that the 
character stored in the Receive Character Buffer was 
received with an incorrect number of binary "1" bits. PE 
does not inhibit USART operation. PE is reset by the ER bit. 

OE is the receiver Overrun Error. OE isset whenevera byte 
stored in the Receiver Character Register is overwritten 
with a new byte before being transferred to the processor. 
OE does not inhibit USART operation. OE is reset by the 
ER bit. 

FE (Async only) is the character framing error which in- 
dicates that the asynchronous mode byte stored in the 
Receiver Character Buffer was received with incorrect bit 
format ("0" stop bit), as specified by the current mode. FE 
does not inhibit USART operaton. FE is reset by the ER bit. 



SYNDET is the synchronous mode status bit associated 
with internal or external sync detection. 

DSR is the status bit set by the external Data Set Ready 
signal to indicate that the communication Data Set is 
operational. 

All status bits are set by the functions described for 
them. SYNDET is reset whenever the processor reads the 
Status Register. OE, FE, PE are reset by the error reset 
command or the internal reset command or the RESET 
input. OE, FE, or PE being set does not inhibit USART 
operation. 

Many of the bits in thestatusregisterarecopies of external 
pins. This dual status arrangement allows the USART to 
be used in both Polled and Interrupt driven environments. 
Status update can have a maximum delay of 16 tcv periods. 



Note: 

1. While operating the receiver it is important to realize 
that the RxE bit of the Command Instruction only in- 
hibits the assertion of RxRDY; it does not inhibit the 
actual reception of characters. As the receiver is con- 
stantly running, it is possible for it to contain extraneous 
data when it is enabled. To avoid problems this data 
should be read from the USART and discarded. This 
read should be done immediately following the setting 
of the RxE bit in the asynchronous mode, and following 
the setting of EH in the synchronous mode. It is not 
necessary to wait for RxRDY before executing the 
dummy read. 

2. ER should be performed whenever RxE of EH are pro- 
grammed. ER resets all error flags, even if RxE = 0. 



3. The USART may provide faulty RxRDY for the first read 
after power-on or for the first read after the receiver is 
re-enabled by a command instruction (RxE). A dummy 
read is recommended to clear faulty RxRDY. This is not 
the case for the first read after hardware or software 
reset after the device opration has been established. 

4. Internal Sync Detect is disabled when External Sync 
Detect is programmed. An External Sync Detect Status 
is provided through an internal flip-flop which clears 
itself, assuming the External Sync Detect assertion has 
removed, upon a status read. As long as External Sync 
Detect is asserted, External Sync Detect Status will 
remain high. 
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MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range 0°Cto+70°C 

Storage Temperature Range -55°C to+150°C 

Lead Temperature (soldering, 10 sec) +325°C 

Positive Voltage on any Pin, with respect to ground +8.0V 

Negative Voltage on any Pin, with respect to ground —0.3V 

'Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 

functional operation of the device at these at any other condition above those indicated in the operational 

sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute 

Maximum Ratings not be exceeded or device failure can result. Some power supplies exhibit 

voltage spikes or "glitches" on their outputs when the AC power is switched on and off. 

In addition, voltage transients on the AC power line may appear on the DC output. If this 

possibility exists it is suggested that as clamp circuit be used. 

ELECTRICAL CHARACTERISTICS (T A = 0°C to 70° C, Vcc = +5V ±5%, unless otherwise noted) 



SYMBOL 



PARAMETER 



MIN. MAX. UNIT 



TEST CONDITIONS 



D.C. Characteristics 



VlL 


Input Low Voltage 


VlH 


Input High Voltage 


Vol 


Output Low Voltage 


Voh 


Output High Voltage 


l0FL 


Output Float Leakage 


IlL 


Input Leakage 


Ice 


Power Supply Current 


Capacitanc 


e 


ClN 


Input Capacitance 


Ci/o 


I/O Capacitance 



-0.3 


0.8 


V 


2.0 


Vcc 


V 




0.45 


V 


2.4 




V 




±10 


A/A 




±10 


//A 




100 


mA 



10 
20 



PF 
PF 



A.C. Characteristics 

Bus Parameters (Note 1 ) 
Read Cycle: 



t,AR 
tRA 
tRR 
tRD 
tDF 



Address Stable Before READ (CS, C/D) 



Address Hold Time for READ (CS, C/D) 



READ Pulse Width 



Data Delay from READ 



READ to Data Floating 








ns 







ns 


250 




ns 




200 


ns 


10 


100 


ns 



Iol = 2.2 mA 
Ioh = -400£/A 
Vout = Vcc TO 0.45V 
Vin = Vcc TO 0.45V 
All Outputs = High 

Ta=25°C,Vcc = GND 

fc = 1MHz 

Unmeasured pins returned to GND 



Note 2 
Note 2 



Note 3, C L = 150pF 



Write Cycle: 



tAW 
twA 

tww 

tDW 
twD 
tRV 



Address Stable Before WRITE 



Address Hold Time for WRITE 



WRITE Pulse Width 

Data Set Up Time for WRITE 



Data Hold Time for WRITE 
Recovery Time Between WRITES 








ns 







ns 


250 




ns 


150 




ns 







ns 


6 




tcY 



Note 4 



Other Timings: 










tCY 


Clock Period 


.320 


1.35 


JUS 


Notes 5, 6 


u 


Clock High Pulse Width 


120 


tcv-90 


ns 




tj 


Clock Low Pulse Width 


90 




ns 
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SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


TEST CONDITIONS 


tR.tF 


Clock Rise and Fall Time 


5 


20 


ns 




tDTx 


TxD Delay from Falling Edge ofTxC 




1 


//s 




tsRx 


Rx Data Set-Up Time to Sampling Pulse 


2 




fJS 




tHRx 


Rx Data Hold Time to Sampling Pulse 


2 




(JS 




fix 


Transmitter Input Clock Frequency 
1X Baud Rate 


DC 


64 


kHz 






16X Baud Rate 


DC 


310 


kHz 






64X Baud Rate 


DC 


615 


kHz 




tTPW 


Transmitter Input Clock Width 
1X Baud Rate 


12 




tCY 






16X and 64X Baud Rate 


1 




tCY 




tTPD 


Transmitter Input Clock Pulse Delay 
1X Baud Rate 


15 




tCY 






16X and 64X Baud Rate 


3 




tCY 




fRx 


Receiver Input Clock Frequency 
1X Baud Rate 


DC 


64 


kHz 






16X Baud Rate 


DC 


310 


kHz 






64X Baud Rate 


DC 


615 


kHz 




tRPW 


Receiver I nput Clock Pulse Width 
1X Baud Rate 


12 




tCY 






16X and 64X Baud Rate 


1 




tCY 




tRPD 


Receiver Input Clock Pulse Delay 
1X Baud Rate 


15 




tCY 






16X and 64X Baud Rate 


3 




tCY 




tTxRDY 


TxRDY Pin Delay from Center of last Bit 




8 


tCy 


Note 7 


tTxRDY CLEAR 


TxRDY I from Leading Edge of WR 




150 


ns 


Note 7 


tRxRDY 


RxRDY Pin Delay from Center of last Bit 




24 


tCY 


Note 7 


tRxRDY CLEAR 


RxRDY 1 from Leading Edge of RD 




150 


ns 


Note 7 


tis 


Internal SYNDET Delay from Rising 
Edge of RxC 




24 


tCY 


Note 7 


tES 


External SYNDET Set-Up Time Before 
Falling Edge of RxC 




16 


tCY 


Note 7 


tTxEMPTY 


TxEMPTY Delay from Center of Data Bit 




20 


tCY 


Note 7 


twc 


Control Delay from Rising Edge of 
WRITE (TxEn, DTR, RTS) 




8 


tCY 


Note 7 


tcR 


Control to READSet-UpTime (DSR, CTS) 




20 


tCY 


Note 7 



NOTES: 1. AC timings measured Voh = 2.0, Vol= 0.8, and with load circuit of Figure 1. 

2. Chip Select (CS) and Command/Data (C/D) are considered as Addresses. 

3. Assumes that Address is valid before RdI. 

4. This recovery time is for RESET and Mode Initialization. Write Data is allowed only when TxRDY = 1. Recovery Time between 
Writes for Asynchronous Mode is 8 tcY and for Synchronous Mode is 16 tcY. 

5. The TxC and RxC frequencies have the following limitations with respect to CLK. 

For 1X Baud Rate, fix or f rx < 1/(30 tcv) 

For 16X and 64X Baud Rate, fix or f rx < 1/(4.5 tcy) 

6. Reset Pulse Width = 6 tcy minimum; System Clock must be running during RESET. 

7. Status update can have a maximum delay of 28 clock periods from the event affecting the status. 



4200 
$L 1N914 



Typical A Output 

Delay Versus +1 ° 
A Capacitance (pF) 



r 1 



Figure 1. 























'•v 

SPEC 













TEST LOAD CIRCUIT 



-50 +50 +100 

A CAPACITANCE (pF) 
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WAVEFORMS 



System Clock Input 



ix \/\ 1st 



\ 



Transmitter Clock & Data 



TxCdxMODEI 



T*«exMo DE , WtAAAAAAAAAAAAAAA/WVWVWV\AAAAAAAAA/V 

*i r~ 'otx 'otx - n r 



J 



\ 



X 



X. 



Receiver Clock & Data 



Rx DATA 

RxC(lxMODE) 

RxC(16xMODE) 



INT SAMPLING 
PULSE 



"^ 



(Rx BAUD COUNTER STARTS HERE) 
START BIT 



8 RxC PERIODS 
<16xMODEI 



-16 RxC PERIODS (16x MODE)- 



VAAAAAAAAAAAAAAAA/^AAAAAAAAjVVWVWVWVV 

h K_ 



~ Y DATABIT 
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Write Data Cycle (CPU - USART) 



DATA IN (D.B.I 



|U — "-jtTxRDY CLEAR 
JU tww AX 



d 



DATA STABLE 



^ 



/ 



Read Data Cycle (CPU *- USART) 



DATA OUT (D.B.) 



•RxRDY CLEAR 
— tRR «- 



DATA FLOAT 



A. 



DATA OUT ACTIVE 



DATA FLOAT 



T 



T. 



Write Control or Output Port Cycle (CPU — USART) 



DTR. RTS 
(NOTE =11 



DATA IN (D.B.I 



U-t W w-»-| 



t 



tf 





1— ► 


tow 


■—A 'WD 


Jr 




D 




i, 


— 


•AW 


■" — A 'WA 


/ 




tAW 


-• A 'WA 


\ 



NOTE=>1: T wr INCLUDES THE RESPONSE TIMING OF A CONTROL BYTE. 
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Read Control or Input Port (CPU *- USART) 



DSR.CTS 


X 












ICR ► 






1 


RD 




V 


{ 

■Ih 


'RD 


/ 


tDF 


DATA OUT 


_f 






Y_ 


(D.B.) 




— -\ tAR 


i 


■>£— 






tRA 


C/D 




»\ 'AR 






,. 


tRA I- 


CS 




"A 


/ 



NOTE»l: T CR INCLUDES THE EFFECT OF CTS ON THE TxENBL CIRCUITRY. 



Transmitter Control & Flag Timing (ASYNC Mode) 



CTS \ 












> 


? 




r- l 


) 


> — 












tTx EMPTY— •> 


) 




Tx EMPTY 




! 


f 


/ 


Tx READY 




_rlL_ 










(STATUS BIT) 


' 


!i" 


: 


r^ 


; 


/ 








tTxRDY* 


^ \ 










Tx READY J~ 


! 

Wr O/i 


M 1 

TA 1 Wr D 


/ \ 




(PIN) 




r 

ATA 2 


r 

Wr DATA 3 


Wr DATA 4 








C/D / 


\ 


\ 


r^ 


/ 


\ 


r 


\ 


/ 




I \ 




WrTx 


En 














WrSBRK 




WR \_J 




U > 


Ik 




UV * 


U\ 




U ' 




















Tx DATA 










~\nn 





DATA CHAR 1 DATA CHAR 2 DATA CHAR 3 



DATA CHAR 4 



EXAMPLE FORMAT - 7 BIT CHARACTER WITH PARITY & 2 STOP BITS. 






Receiver Control & Flag Timing (ASYNC Mode) 



BREAK DETECT 



4 — I 



h 



DATA 2 
CHAR 2 ^- 



U" 



WrERR 



Jr^. 



7~~17 



DATA CHAR 1 DATA CHAR 2 DATA CHAR 3 



EXAMPLE FORMAT - 7 BIT CHARACTER WITH PARITY & 2 STOP BITS. 
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Transmitter Control & Flag Timing (SYNC Mode) 



■71V 



MARKING STATE 





^ r 



EXAMPLE FORMAT ■ 6 BIT CHARACTER WITH PARITY, 2 SYNC CHARACTERS. 



Receiver Control & Flag Timing (SYNC Mode) 



-__/Wf EH ' \_ 



n 



STATUS 



/"^_NOTE 'l_f\ 
tES 



/datachahTja 

-» LOST V 



K 



11 

Wr ERR Rst 

TA 
13 



1 



TZJ 



U" 



i r 



:l_^c 




SET SYNDET (STATUS BIT) 
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APPLICATION OF THE COM8251A 



Asynchronous Serial Interface to CRT Terminal, 
DC to 9600 Baud 




ADDRESS BUS 



CONTROL BUS 



r 1 I 

^ EIA TO TTL l^—f. 

CONVERT 
IOPT) 




Synchronous Interface to Terminal or Peripheral Device 



ADDRESS BUS 



5 



CONTROL BUS 




SYNCHRONOUS 

TERMINAL 

OR PERIPHERAL 

DEVICE 



Asynchronous Interface to Telephone Lines 



Synchronous Interface to Telephone Lines 



t 



ADDRESS BUS 



L 



ADDRESS BUS 



CONTROL BUS 



CONTROL BUS 



DSR 

DTR 

COM8251A CTS 

RTS 



PHONE 
LINE 

INTER 
FACE 



BAUD 

RATE 

GENERATOR 



w 



PHONE 
LINE 

INTER- 
FACE 



COM8251A Interface to/iP Standard System Bus 



ADDRESS BUS 



CONTROL BUS 

i/oll i/owl resetT 



7^ 



iz 



c/5 ET d,-d Kd wH reset clk 

C0M8251A 



Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
^^^^^^^^^^^__ devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 

Ws keep afeadcf our caii()«!tlai so vou can keep aread of yours at any time in order to improve design and supply the best product possible. 
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Baud Rate Generator 



All Baud Rate Generators are programmable 
dividers capable of providing 16 output frequen- 
cies* for UARTs or USARTs from either an on-chip 
crystal oscillator or an external frequency input. 
"T" versions utilize an external frequency input 
only. Dual Baud Rate Generators provide two out- 



put frequencies simultaneously for full duplex 

communications. 

Baud Rate Generators providing all standard baud 

rates from various popular crystal frequencies are 

available. In addition the baud rate generator may 

be custom mask programmed for other divisors. 



*except as noted 












Part Number 


Description 


Features 


Power 
Supplies 


Package 


Page 


Bsl 


COM 5016 


Dual Baud Rate Generator 


On-chip oscillator or external 
frequency input 


+5, +12 


18 DIP 


167-168 




C0M6016T< 3 ;> 


Dual Baud Rate Generator 


External frequency input 


+5, +12 


18 DIP 


167-168 




COM 6026 


Single Baud Rate Generator 


On-chip oscillator or external 
frequency input 


+5, +12 


14 DIP 


169-170 




COM5026T (3) 


Single Baud Rate Generator 


External frequency input 


+5, +12 


14 DIP 


169-170 




COM 5036 


Dual Baud Rate Generator 


COM 5016 with additional 
output of input frequency + 4 


+5, +12 


18 DIP 


171-172 




COM 5036T < 3 > 


Dual Baud Rate Generator 


COM 5016T with additional 
output of input frequency + 4 


+5, +12 


18 DIP 


171-172 




COM 5046 


Single Baud Rate Generator 


COM 5026 with additional 
output of input frequency + 4 


+5, +12 


14 DIP 


173-174 




COM 5046T W 


Single Baud Rate Generator 


COM 5026T with additional 
output of input frequency + 4 


+5, +12 


14 DIP 


173-174 




COM 8046 


Single Baud Rate Generator 


32 baud rates; IX, 16X, 32X 
clock outputs; single +5 volt 
supply 


.5 


16 DIP 


179-180 




COM 8046T ( 3 ) 


Single Baud Rate Generator 


COM 8046 with external 
frequency input only 


+5 


16 DIP 


179-180 




COM 8116 


Dual Baud Rate Generator 


Single +5 volt version of 
COM 5016 


+5 


18 DIP 


181-182 




C0M8116T< 3 > 


Dual Baud Rate Generator 


Single +5 volt version of 
COM 5016T 


+5 


18 DIP 


181-182 




COM 8126 


Single Baud Rate Generator 


Single +5 volt version of 
COM 5026 


+5 


14 DIP 


183-184 




COM 8126T < 3 > 


Single Baud Rate Generator 


Single +5 volt version of 
COM 5026T 


+5 


14 DIP 


183-184 




COM 8136 


Dual Baud Rate Generator 


Single +5 volt version of 
COM 5036 


+5 


18 DIP. 


185-186 




COM 8136T < 3 > 


Dual Baud Rate Generator 


Single +5 volt version of 
COM 5036T 


+5 


18 DIP 


185-186 




COM 8146 


Single Baud Rate Generator 


Single +5 volt version of 
COM 5046 


+5 


14 DIP 


187-188 




COM8146T< 3 > 


Single Baud Rate Generator 


Single +5 volt version of 
COM 5046T 


+5 


14 DIP 


187-188 





(3)May be custom mask programmed 
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STANDARD MICROSYSTEMS 
CORPORATION ,^====== 



COM 5016 
COM 5016T 



Dual Baud Rate Generator 

Programmable Divider 



FEATURES 

□ On chip crystal oscillator or external 
frequency input 

□ Choice of 2 x 1 6 output frequencies 

□ 16 asynchronous/synchronous baud rates 

□ Direct UART/USRT/ASTRO/USYNRT 
compatibility 

□ Full duplex communication capability 

□ TTL, MOS compatibility 



PIN CONFIGURATION 




XTAL/EXT1 1L 


W 


| IB XIAL/bXIZ 


+ 5v 2[ 




j 17 f T 


f R 3T 




116 T A 


Ra 4[ 


| 15 T B 


R B 5T 


K 14 T c 


Re 61 


6l3T D 


Rd 7( 


n 12 STT 


STR 8[ 


Q 11 GND 


+ 12v 9f 




110 NC 





BLOCK DIAGRAM 

























| 








Ta> 

Tb>— 

To 5 


D- LATCH 




FREQUENCY 
DECODE 
AND 
CONTROL 


-V 


REPROGRAMMABLE 

FREQUENCY SELECT 

ROM 
















J__ J^ 










XTAL/EXT1 >— 
XTAUEXT2 > 


XTAL 
OSC/ 

^CLOCK 
BUFFER 






DIVIDER 




+ 2 










"" 'T 




















DIVIDER 




+2 










"" 'r 


















^~^\- 










R«> 

Rb> 

Rc> 

Rd> 


D-LATCH 


-V 


FREQUENCY 
DECODE 
AND 
CONTROL 


-A 


REPROGRAMMABLE 

FREQUENCY SELECT 

ROM 


k 


k k 

GND +12V 




| 










+ 5V 
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General Description 

The Standard Microsystems COM 5016 Dual Baud Rate Generator/Programmable Divider is an N-channel 
COPLAMOS® MOS/LSI device which, from a single crystal (on-chip oscillator) or input frequency is capable of generating 32 
externally selectable frequencies. 

The COM 501 6 is specifically dedicated to generating the full spectrum of 1 6 asynchronous/synchronous data communi- 
cation frequencies as shown in Table 1 . One of the sixteen output frequencies is externally selected by four address inputs, 
on each of the independent dividers, as shown in Table 1 . 

Internal re-programmable ROM allows the generation of other frequencies from other crystal frequencies or input 
frequencies. The four address inputs on each divider section may be strobe (1 50ns) or DC loaded. As the COM 501 6 is a dual 
baud rate generator, full duplex (independent receive and transmit frequencies) operation is possible. 

The COM 5016 is basically a programmable 15-stage feedback shift register capable of dividing any modulo up to 
(2 15 -1). 

By using one of the frequency outputs it is possible to generate additional divisions of the master clock frequency by 
cascading COM 50 1 6's. The frequency output is fed into the XTAL/EXT input on a subsequent device. In this way one crystal 
or input frequency may be used to generate numerous output frequencies. 

The COM 5016 can be driven by either an external crystal or TTL logic level inputs; COM 501 6T is driven by TTL logic 
level inputs only. 



Description of Pin Functions 


Pin No. 


Symbol 


Name 


Function 


1 


XTAL/EXT1 


Crystal or 


This input is either one pin of the crystal package or one polarity 






External Input 1 


of the external input. 


2 


Vcc 


Power Supply 


+ 5 volt supply 


3 


k 


Receiver Output 


This output runs at a frequency selected by the Receiver divisor 






Frequency 


select data bits. 


4-7 


"Ai "Bi "Ci °D 


Receiver-Divisor 


The logic level on these inputs, as shown in Table 1, selects the 






Select Data Bits 


receiver output frequency, f R . 


8 


STR 


Strobe-Receiver 


A high level input strobe loads the receiver data (R A , R B , R c , R D ) into 
the receiver divisor select register. This input may be strobed or 
hard-wired to a high level. 


9 


v DD 


Power Supply 


+ 12 volt supply 


10 


NC 


No Connection 




11 


GND 


Ground 


Ground 


12 


STT 


Strobe- 


A high level input strobe loads the transmitter data (T A , T B , T c , T D ) 






Transmitter 


into the transmitter divisor select register. This input may be 
strobed or hard-wired to a high level. 


13-16 


T"d. T c , T b , T a 


Transmitter- 


The logic level on these inputs, as shown in Table 1, selects the 






Divisor 


transmitter output frequency, f T . 






Select Data Bits 




17 


h 


Transmitter 


This output runs at a frequency selected by the Transmitter divisor 






Output 


select data bits. 






Frequency 




18 


XTAL/EXT2 


Crystal or 


This input is either the other pin of the crystal package or the 






External Input 2 


other polarity of the external input. 



For electrical characteristics, see page 175. 
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STANDARD MICROSYSTEMS 
OTRPORArm^^^= 



COM 5026 
COM 5026T 



Baud Rate Generator 

Programmable Divider 



FEATURES 

□ On chip crystal oscillator or external 
frequency input 

□ Choice of 1 6 output frequencies 

□ 16 asynchronous/synchronous baud rates 

□ Direct UART/USRT/ASTRO/USYNRT 
compatibility 

□ TTL, MOS compatibility 



PIN CONFIGURATION 





XTAL/EXT1 11 


W 


]14 Tout 


XTAL/EXT2 2[ 




]13 A 


+ 5v 3[ 




J12 B 


NC 4L 




J11 C 


GND 5l 
NC 6l 




]10 D 




J9 ST 


+ 12v 71 




J8 NC 





BLOCK DIAGRAM 































XTAL/EXT1 >— 

XTAL/EXT2 > 










D-LATCH 


-V 


FREQUENCY 
DECODE 
AND 
CONTROL 


-V 


REPROGRAMMABLE 
FREQUENCY SELECT 

ROM 




















XTAL 
OSC/ 

^CLOCK 
BUFFER 






""^^ >" 


DIVIDER 


-2 








.GND 


"" foUT 






1 

+ 5V 


+ 12V 
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GENERAL DESCRIPTION 

The Standard Microsystems COM 5026 Baud Rate Generator/Programmable Divider is an N-channel COPLAMOS' 
MOS/LSI device which, from a single crystal (on-chip oscillator) or input frequency is capable of generating 16 externally 
selectable frequencies. 

The COM 5026 is specifically dedicated to generating the full spectrum of 1 6 asynchronous/synchronous data communi- 
cation frequencies as shown in Table 1 . One of the sixteen output frequencies is externally selected by four address inputs, 
as shown in Table 1. 

Internal re-programmable ROM allows the generation of other frequencies from other crystal frequencies or input 
frequencies. The four address inputs may be strobe (150ns) or DC loaded. 

The COM 5026 is basically a programmable 1 5-stage feedback shift register capable of dividing any modulo up to (2 15 - 1 ). 

By using the frequency output, it is possible to generate additional divisions of the master clock frequency by 
cascading COM 5026's. The frequency output is fed into the XTAL/EXT input on a subsequent device. I n this way one crystal or 
input frequency may be used to generate numerous output frequencies. 

The COM 5026 can be driven by either an external crystal or TTL logic level inputs; COM 5026T is driven by TTL logic level 
inputs only. 



Description of Pin Functions 


Pin No. 


Symbol 


Name 


Function 


1 


XTAL/EXT1 


Crystal or 
External Input 1 


This input is either one pin of the crystal package or one polarity 
of the external input. 


2 


XTAL7EXT2 


Crystal or 
External Input 2 


This input is either the other pin of the crystal package or the 
other polarity of the external input. 


3 


Vcc 


Power Supply 


+ 5 volt Supply 


4,6,8 


NC 


No Connection 




5 


GND 


Ground 


Ground 


7 


Vdd 


Power Supply 


+ 12 volt Supply 


g 


ST 


Strobe 


A high-level strobe loads the Input Address (Aa, Ab, Ac, Ad) 
into the Input Address register. This input may be strobed or 
hard wired to a high-level, 


10-13 


Ad. Ac, Ab. Aa 


Input Address 


The logic level on these inputs, as shown in Table 1 , selects 
the output frequency. 


14 


f0UT 


Output 
Frequency 


This output runs at a frequency as selected by the Input Address. 



For electrical characteristics, see page 175. 
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STANDARD MICROSYSTEMS 
OTRPORATTO^^^^= 



COM 5036 
COM 5036T 



Dual Baud Rate Generator 

Programmable Divider 



FEATURES 

□ On chip crystal oscillator or external 
frequency input 

□ Choice of 2x16outputfrequencies 

□ 1 6 asynchronous/synchronous baud rates 

□ Direct UART/USRT/ ASTRO/ USYNRT 
compatibility 

□ Full duplex communication capability 

□ High frequency reference output 

□ TTL, MOS compatibility 



PIN CONFIGURATION 




XTAL/EXT1 1 [ 


w 


1 18 XTAL/EXT2 


+ 5v 2[ 




1 17 f T 


f R 3[ 




16 T A 


r a 4 J 


] 15 T B 


R B 5 U 


J 14 T c 


Re 6 


J 13 T D 


R D 7D 


112 STT 


STR 8 


111 GND 


+ 12v 9f 




110 fx/4 





BLOCK DIAGRAM 





I 




















TO 

Tb> 

Tc> 

Td> 


D-LATCH 


-A 


FREQUENCY 
DECODE 
AND 
CONTROL 


-A 


REPROGRAMMABLE 
FREQUENCY SELECT 

ROM 


















-L^-^L 












XTAL 
OS£/ 

'm.OCK 
BUFFER 






DIVIDER 




+ 2 




XTAL/EXT1 > 










































:4 






































DIVIDER 




+ 2 




XTALEXT2> 
































^^f 










Rb> 

Rc> 

Ro> 


D-LATCH 


"A 


FREQUENCY 
DECODE 
AND 
CONTROL 


-A 


REPROGRAMMABLE 
FREQUENCY SELECT 

ROM 


A 


Jl ' k 




I 
















+ 5v 


GND +12v 
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General Description 

The Standard Microsystems COM 5036 Dual Baud Rate Generator/Programmable Divider is an N-channel COP- 
LAMOS® MOS/LSI device which, from a single crystal (on-chip oscillator) or input frequency is capable of generating 32 
externally selectable frequencies. 

The COM 5036 is specifically dedicated to generating the full spectrum of 1 6 asynchronous/synchronous data communi- 
cation frequencies as shown in Table 1 . One of the sixteen output frequencies is externally selected by four address inputs, 
on each of the independent dividers, as shown in Table 1 . 

Internal re-programmable ROM allows the generation of other frequencies from other crystal frequencies or input 
frequencies. The four address inputs on each divider section may be strobe (1 50ns) or DC loaded. As the COM 5036 is a dual 
baud rate generator, full duplex (independent receive and transmit frequencies) operation is possible. 

The COM 5036 is basically a programmable 15-stage feedback shift register capable of dividing any modulo up to 

(215-1). 

By using one of the frequency outputs it is possible to generate additional divisions of the master clock frequency by 
cascading COM 5036's. The frequency output is fed into the XTAL/EXT input on a subsequent device. In this way one crystal 
or input frequency may be used to generate numerous output frequencies. 

The COM 5036 can be driven by either an external crystal or TTL logic level inputs; COM 5036T is driven by TTL logic 
level inputs only. 

The COM 5036 provides a high frequency reference output at one-quarter (1/4) the XTAL/EXT input frequency. 



Description of Pin Functions 


Pin No. 


Symbol 


Name 


Function 


1 


XTAL/EXT1 


Crystal or 


This input is either one pin of the crystal package or one polarity 






External Input 1 


of the external input. 


2 


Vcc 


Power Supply 


+ 5 volt supply 


3 


f * 


Receiver Output 


This output runs at a frequency selected by the Receiver divisor 






Frequency 


select data bits. 


4-7 


Rai Rbi Rc> Rd 


Receiver-Divisor 


The logic level on these inputs, as shown in Table 1, selects the 






Select Data Bits 


receiver output frequency, f R . 


8 


STR 


Strobe-Receiver 


A high level input strobe loads the receiver data (R A , R B , R c , R D ) into 
the receiver divisor select register. This input may be strobed or 
hard-wired to a high level. 


9 


v DD 


Power Supply 


+ 12 volt supply 


10 


f x /4 


fx/4 


Va crystal/clock frequency reference output. 


11 


GND 


Ground 


Ground 


12 


STT 


Strobe- 


A high level input strobe loads the transmitter data (T A , T B , T c , T D ) 






Transmitter 


into the transmitter divisor select register. This input may be 
strobed or hard-wired to a high level. 


13-16 


T di T c , T B , T A 


Transmitter- 


The logic level on these inputs, as shown in Table 1, selects the 






Divider 


transmitter output frequency, f T . 






Select Data Bits 




17 


f T 


Transmitter 


This output runs at a frequency selected by the Transmitter divisor 






Output 


select data bits. 






Frequency 




18 


XTAL/EXT2 


Crystal or 


This input is either the other pin of the crystal package or the 






External Input 2 


other polarity of the external input. 



For electrical characteristics, see page 175. 
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STANDARD MICROSYSTEMS 
CORPORATl(M^^^= 



COM 5046 
COM 5046T 



Baud Rate Generator 

Programmable Divider 



FEATURES 

□ On chip crystal oscillator or external 
frequency input 

□ Choice of 16 output frequencies 

□ 16 asynchronous/synchronous baud rates 

□ Direct UART/USRT/ASTRO/USYNRT 
compatibility 

□ High frequency reference output 

□ TTL, MOS compatibility 



PIN CONFIGURATION 





XTAUEXT1 U 


W 


114 Tout 


XTAL/EXT2 2L 




|13 A 


+5v 3L 




|12 B 


NC 4[ 




J11 C 


GND 51 




J10 D 


NC 6l 




J9 ST 


+ 12v 7 1 




J8 fx/4 

















BLOCK DIAGRAM 






































A> 

B>— 


D-LATCH 


-A 

-• 


FREQUENCY 
DECODE 
AND 
CONTROL 


-V 


REPROGRAMMABLE 
FREQUENCY SELECT 

ROM 






















XTAL/EXT1 >— 
XTAUEXT2> 


XTAL 
OSC^ 

^CLOCK 
BUFFER 






""•^^ _, t3 " 




DIVIDER 


+ 2 










^ foUT 


















■i-4 










JL 

+ 5v 


A 

GND 


k 

+ 12v 


... v lx/4 
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GENERAL DESCRIPTION 

The Standard Microsystems COM 5046 Baud Rate Generator/Programmable Divider is an N-channel COPLAMOS® 
MOS/LSI device which, from a single crystal (on-chip oscillator) or input frequency is capable of generating 16 externally 
selectable frequencies. 

The COM 5046 is specifically dedicated to generating the full spectrum of 1 6 asynchronous/synchronous data communi- 
cation frequencies as shown in Table 1 . One of the sixteen output frequencies is externally selected by four address inputs; 
as shown in Table 1 . 

Internal re-programmable ROM allows the generation of other frequencies from other crystal frequencies or input 
frequencies. The four address inputs may be strobe (1 50ns) or DC loaded. 

The COM 5046 is basically a programmable 15-stage feedback shift register capable of dividing any modulo up to 
(2 15 -1). 

By using the frequency output, it is possible to generate additional divisions of the master clock frequency by cascading 
COM 5046's. The frequency output is fed into the XTAL/EXT input on a subsequent device. In this way one crystal or input 
frequency may be used to generate numerous output frequencies. 

The COM 5046 can be driven by either an external crystal or TTL logic level inputs; COM 5046T is driven by TTL logic 
level inputs only. 

The COM 5046 provides a high frequency reference output at one-quarter (1/4) the XTAL/EXT input frequency. 



Description of Pin Functions 


Pin No. 


Symbol 


Name 


Function 


1 


XTAL/EXT1 


Crystal or 
External Input 1 


This input is either one pin of the crystal package or one polarity 
of the external input. 


2 


XTAUEXT2 


Crystal or 
External Input 2 


This input is either the other pin of the crystal package or the 
other polarity of the external input. 


3 


Vcc 


Power Supply 


+ 5 volt Supply. 


4,6 


NC 


No Connection 




5 


GND 


Ground 


Ground 


7 


Vdd 


Power Supply 


+ 12 volt Supply. 


8 


fx/4 


Reference 
Frequency 


High frequency reference output @ (1/4) fiN 


9 


ST 


Strobe 


A high-level strobe loads the Input Address (Aa, Ab, Ac, Ad) 
into the Input Address register. This input may be strobed or 
hard wired to a high-level, 


10-13 


Ad. Ac. Ab. Aa 


Input Address 


The logic level on these inputs, as shown in Table 1 , selects 
the output frequency. 


14 


f0UT 


Output 
Frequency 


This output runs at a frequency as selected by the Input Address. 



For electrical characteristics, see page 175. 
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ELECTRICAL CHARACTERISTICS COM5016, COM5016T, COM5026, COM5026T, 

COM5036, COM5036T, COM5046, COM5046T 

MAXIMUM GUARANTEED RATINGS' 

Operating Temperature Range 0°C to + 70°C 

Storage Temperature Range -55°Cto +150°C 

Lead Temperature (soldering, 10 sec.) +325°C 

Positive Voltage on any Pin, with respect to ground + 18. 0V 

Negative Voltage on any Pin, with respect to ground -0.3V 

"Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 

ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vcc = +5V±5%, Vdd= + 12V±5%, unless otherwise noted) 

Parameter Min. Typ. Max Unit Comments 

D.C. CHARACTERISTICS 

INPUT VOLTAGE LEVELS 

Low-level, Vil 0.8 V excluding XTAL inputs 

High-level, Vih 2.0 Vcc V 

OUTPUT VOLTAGE LEVELS 

Low-level, Vol 0.4 V loi.= 1.6ma 

0.5 V Iol = 3.2ma 

High-level, Voh Vcc- 1.5 4.0 V Ioh = 100/xA 

INPUT CURRENT 

Low-level, In 0.3 mA Vin = GND, excluding XTAL inputs 

INPUT CAPACITANCE 

All inputs, Cin 5 10 pf Vin = GND, excluding XTAL inputs 

EXT INPUT LOAD 8 10 Series 7400 unit loads 

POWER SUPPLY CURRENT 

Ice 28 45 mA 

Idd 12 22 mA 

A.C. CHARACTERISTICS Ta=+25°C 

CLOCK FREQUENCY 5.0688 MHz XTAL, EXT 

PULSE WIDTH 

Clock 50% Duty Cycle ±5% 

Strobe 150 DC ns See Note 1. 

INPUT SET-UP TIME 

Address 50 ns See Note 1. 

INPUT HOLD TIME 

Address 50 ns 

STROBE TO NEW FREQUENCY DELAY 3.5 MS =1/f lN (18) 

Note 1 : Input set-up time can be decreased to s* 0ns by increasing the minimum strobe width by 50ns to a total of 200ns. 

TIMING DIAGRAM 



NOTE1 

Vih 

STROBE (ST) 
Vil — 



TSET-UP ■ 



ADDRESS 








Tpw* 



Thold 




•Address need only be valid during the last Tpw, Min time of the input strobe. 
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Crystal Operation 
COM5016 
COM5036 



□ 



5.0688 MHz 



crystal 



HI' 



\7 



18 



IH 



External Input Operation 
COM5016/COM5016T 
COM5036/COM5036T 



74XX; 
TTL 



>> 



>£>°J— C^ ^ ™j~ ' 74XX>£X>l-£>0— C 



T37" 



18 >l 



74XX — totem pole or open collector output (external 
pull-up resistor required) 



Crystal Operation 
COM5026 
COM5046 



oo </> 
oo >• 

tn ± 






"^7" 



External Input Operation 
COM5026/COM5026T 
COM5046/COM5046T 



74XX 
TTL 




"^7" 



74XX; 
TTL 



H>T-> , -C 



-<zr 



74XX — totem pole or open collector output (external 
pull-up resistor required) 



For ROM re-programming SMC has a computer program available whereby the customer 

need only supply the input frequency and the desired output frequencies. 

The ROM programming is automatically generated. 



Crystal Specifications 

User must specify termination (pin, wire, other) 

Prefer: HC-18/U or HC-25/U 

Frequency — 5.0688 MHz, AT cut 

Temperature range 0°C to 70°C 

Series resistance <50 ft 

Series Resonant 

Overall tolerance ± .01% 

or as required 
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Crystal manufacturers (Partial List) 
Northern Engineering Laboratories 

357 Beloit Street 

Burlington, Wisconsin 53105 

(414) 763-3591 

Bulova Frequency Control Products 

61-20 Woodside Avenue 

Woodside, New York 11377 

(212) 335-6000 

CTS Knights Inc. 

101 East Church Street 

Sandwich, Illinois 60548 

(815) 786-8411 

Crystek Crystals Corporation 

1000 Crystal Drive 

Fort Myers, Florida 33901 

(813)936-2109 



APPLICATIONS INFORMATION 



Charge pump techniques 
using the + 5 volt power 
supply can be used to 
generate the + 1 2 volt 
power supply required. 
The +12 volt power 
supply of figure 1 will 
supply the 22 milli- amps 
that is typically required. 




Figure 1 



VOLTAGE CHARGE PUMP 
SUPPLY FOR +12v SUPPLY 



When powering this device from laboratory 
or system power supplies, it is important 
that the Absolute Maximum Ratings not be 
exceeded or device failure can result. Some 
power supplies exhibit voltage spikes 
or "glitches" on their outputs when the AC 
power is switched on and off. In addition, 
voltage transients on the AC power line 
may appear on the DC output. For example, 
the bench power supply programmed to 
deliver + 12 volts may have large voltage 
transients when the AC power is switched 
on and off. If this possibility exists it is 
suggested that the clamp circuit of figure 2 
or a Semtech'bi-polarity silicon transient 
suppressor such as the 1 N61 1 be used. 

•SEMTECH CORPORATION 
652 Mitchel Road 
Newbury Park, California 91320 
213-628-5392 



From Power 
Supply 




OVER-VOLTAGE 

PROTECTION 

CIRCUIT 
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COM5016,COM5016T,COM5026,COM5026T, 
COM5036, COM5036T, COM5046, COM5046T 



Baud Rate Generator Output Frequency Options 











Table 1. 




(16X clock) 








CRYSTAL FREQUENCY = 5.0688 MHz 




Tr'mlt/Recelve 


Thaoretlcal 


Actual 




Duty 




Addresi 


Baud 


Frequency 


Frequency 


Percent 


Cycle 


D 


C 


B 


A Rats 


16X Clock 


16X Clock 


Error 


% Divisor 











50 


0.8 KHz 


0.8 KHz 





50/50 6336 











1 75 


1.2 


1.2 


— 


50/50 4224 








1 


110 


1.76 


1.76 


— 


50/50 2880 








1 


1 134.5 


2.152 


2.1523 


0.016 


50/50 2355 





1 





150 


2.4 


2.4 


— 


50/50 2112 





1 





1 300 


4.8 


4.8 


— 


50/50 1056 





1 


1 


600 


9.6 


9.6 


— 


50/50 528 





1 


1 


1 1200 


19.2 


19.2 


— 


50/50 264 










1800 


28.8 


28.8 


— 


50/50 176 










1 2000 


32.0 


32.081 


0.253 


50/50 158 







1 


2400 


. 38.4 


38.4 


— 


50/50 132 







1 


1 3600 


57.6 


57.6 


— 


50/50 88 




1 





4800 


76.8 


76.8 


.»- 


50/50 66 




1 





1 7200 


115.2 


115.2 


— 


50/50 44 




1 


1 


9600 


153.6 


153.6 


— 


48/52 33 




1 


1 


1 19.200 


307.2 


316.8 


3.125 


50/50 16 











Table 2. 




[16X clock) 








CRYSTAL FREQUENCY = 4.9152 MHz 




Tr'mlt/Recelve 


Theoretical 


Actual 




Duty 




Address Baud 


Frequency 


Frequency 


Percent 


Cycle 


D 


C 


B 


A Rate 


16X Clock 


16X Clock 


Error 


% Divisor 











50 


0.8 KHz 


0.8 KHz 





50/50 6144 











1 75 


1.2 


1.2 


— 


50/50 4096 








1 


110 


1.76 


1.7589 


-0.01 


* 2793 








1 


1 134.5 


2.152 


2.152 


— 


50/50 2284 





1 





150 


2.4 


2.4 


— 


50/50 2048 





1 





1 300 


4.8 


4.8 


— 


50/50 1024 





1 


1 


600 


9.6 


9.6 


— 


50/50 512 





1 


1 


1 1200 


19.2 


19.2 


— 


50/50 256 


1 








1800 


28.8 


28.7438 


-0.19 
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1 








1 2000 


32.0 


31.9168 


-0.26 


50/50 154 


1 





1 


2400 


38.4 


38.4 


■ — 


50/50 128 


1 





1 


1 3600 


57.6 


57.8258 


0.39 


85 


1 


1 





4800 


76.8 


76.8 


— 


50/50 64 


1 


1 





1 7200 


115.2 


114.306 


-0.77 


43 


1 


1 


1 


9600 


153.6 


153.6 


— 


50/50 32 


1 


1 


1 


1 19,200 


307.2 


307.2 


— 


50/50 16 













Table 3. 




(32X clock) 










CRYSTAL FREQUENCY = 5.0688 MHz 






Tr'mlt/Recelve 




Theoretical 


Actual 




Duty 






Address 




Baud 


Frequency 


Frequency 


Percent 


Cycle 




D 


C 


B 


A 


Rate 


32X Clock 


32X Clock 


Error 


% 


Divisor 














50 


1.6 KHz 


1.6 KHz 





50/50 3168 











1 


75 


2.4 


2.4 


— 


50/50 2112 








1 





110 


3.52 


3.52 


— 


50/50 1440 








1 


1 


134.5 


4.304 


4.306 


.06 


• 


1177 





1 








150 


4.8 


4.8 


— 


50/50 


1056 





1 





1 


200 


6.4 


6.4 


— 


50/50 


792 





1 


1 





300 


9.6 


9.6 


— 


50/50 


528 





1 


1 


1 


600 


19.2 


19.2 


— 


50/50 


264 


1 











1200 


38.4 


38.4 


— 


50/50 


132 


1 








1 


1800 


57.6 


57.6 


— 


50/50 


88 


1 





1 





2400 


76.8 


76.8 


— 


50/50 


66 


1 





1 


1 


3600 


115.2 


115.2 


— 


50/50 


44 


1 


1 








4800 


153.6 


153.6 


— 


* 


33 


1 


1 





1 


7200 


230.4 


230.4 


— 


50/50 


22 


1 


1 


1 





9600 


307.2 


316.8 


3.125 


50/50 


16 


1 


1 


1 


1 


19,200 


614.4 


633.6 


3.125 


50/50 


8 



OUTPUT FREQUENCY OPTIONS 

Part No. Dash Number 



Table 1 Table 2 



501 6/501 6T 
5026/502 6T 
5036/5036T 
5046/5046T 



STD -5 

STD -5 

STD N/A 

STD N/A 



N/A 
N/A 



•When Duty Cycle is not exactly 50%, it is 50% ± 10%. 

178 



STANDARD MICROSYSTEMS 
CORPORAnOT|^^^= 



COM 8046 
COM 8046T 



Baud Rate Generator 

Programmable Divider 



FEATURES 

□ On chip crystal oscillator or external 
frequency input 

□ Single +5v power supply 

□ Choice of 32 output frequencies 

□ 32 asynchronous/synchronous baud rates 

□ Direct UART/USRT/ASTRO/USYNRT 
compatibility 

D Re-programmable ROM via CLASP® 
technology allows generation of other 
frequencies 

□ TTL, MOS compatible 

D 1XCIockviafo/16output 

□ Crystal frequency output via fx and fx/4 
outputs 

D Output disable via FEN A 



PIN CONFIGURATION 





XTAL/EXT1 1 L 


w 


116 fo 


XTAL/EXT2 2 1 




1 15 A 


+ 5v 3 | 


1 14 B 


fx 4 


J13 C 


GND 5fJ 


]12 D 


fo/16 6 


11 ST 


FENA 7 |10 fx/4 

e 8 n n 9 imc 



BLOCK DIAGRAM 



ST> 

A> 
B> 
C> 
D> 
E> 



XTAL/EXT1 ; 
XTAL/EXT2' 



FENA>- 



LATCH 




REPROGRAMMABLE 
FREQUENCY SELECT 



DIVIDER 
ROM 



Jl k 

+ 5v GND 



DIVIDER 



fo/16 
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General Description 



The Standard Microsystems COM 8046 is an en- 
hanced version of the COM 5046 Baud Rate 
Generator. It is fabricated using SMC's patented 
COPLAMOS® and CLASP® technologies and em- 
ploys depletion mode loads, allowing operation from 
a single +5v supply. 

The standard COM 8046 is specifically dedicated to 
generating the full spectrum of 16 asynchronous/ 
synchronous data communication frequencies for 1X, 
16X and 32X UART/USRT/ASTRO/USYNRT devices. 

The COM 8046 features an internal crystal oscillator 
which may be used to provide the master reference 
frequency. Alternatively, an external reference may be 
supplied by applying complementary TTL level sig- 
nals to pins 1 and 2. Parts suitable for use only with an 
external TTL reference are marked COM 8046T. TTL 
outputs used to drive the COM 8046 or COM 8046T 
should not be used to drive other TTL inputs, as noise 
immunity may be compromised due to excessive 
loading. 

The reference frequency (fx) is used to provide two 
high frequency outputs: one at fx and the other at 
fx/4. The fx/4 output will drive one standard 7400 
load, while the fx output will drive two 74LS loads. 

The output of the oscillator/buffer is applied to the 
divider for generation of the output frequency f . The 
divider is capable of dividing by any integer from 6 



to 2" + 1, inclusive. If the divisor is even, the output 
will be square; otherwise the output will be high 
longer than it is low by one fx clock period. The output 
of the divider is also divided internally by 1 6 and made 
available at the f /16 output pin. The f /16 output will 
drive one and the f output will drive two standard 
7400 TTL loads. Both the f and f /16 outputs can be 
disabled by supplying a low logic level to the FENA 
input pin. Note that the FENA input has an internal 
pull-up which will cause the pin to rise to approx- 
imately V cc if left unconnected. 

The divisor ROM contains 32 divisors, each 19 bits 
wide, and is fabricated using SMC's unique CLASP® 
technology. This process permits reduction of turn- 
around-time for ROM patterns. 

The five divisor select bits are held in an externally 
strobed data latch. The strobe input is level sensitive: 
while the strobe is high, data is passed directly 
through to the ROM. Initiation of a new frequency is 
effected within 3.5ms of a change in any of the five 
divisor select bits; strobe activity is not required. 
This feature may be disabled through a CLASP® pro- 
gramming option causing new frequency initiation to 
be delayed until the end of the current f half-cycle 
All five data inputs have pull-ups identical to that 
of the FENA input, while the strobe input has no 
pull-up. 



Description of Pin Functions 


Pin No. 


Symbol 


Name 


Function 


1 


XTAL/EXT1 


Crystal or 
External Input 1 


This input is either one pin of the crystal package or one polarity 
of the external input. 


2 


XTAL/EXT2 


Crystal or 
External Input 2 


This input is either the other pin of the crystal package or the other 
polarity of the external input. 


3 


Vcc 


Power Supply 


+ 5 volt supply 


4 


fx 


fx 


Crystal/clock frequency reference output , 


5 


GND 


Ground 


Ground 


6 


fo/16 


fo/16 


1X clock output 


7 


FENA 


Enable 


A low level at this input causes the f n and f /16 outputs to be 
held high. An open or a high level at the FENA input enables the 
f and f /16 outputs. 


8 


E 


E 


Most significant divisor select data bit. An open at this input is 
equivalent to a logic high. 


9 


NC 


NC 


No connection 


10 


fx/4 


fx/4 


1 /4 crystal/clock frequency reference output. 


11 


ST 


Strobe 


Divisor select data strobe. Data is sampled when this input is high, 
preserved when this input is low. 


12-15 


D,C,B,A 


D,C,B,A 


Divisor select data bits. A = LSB. An open circuit at these inputs 
is equivalent to a logic high. 


16 


fo 


fo 


16X clock output 



For electrical characteristics, see page 189. 
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STANDARD MICROSYSTEMS 
roRPORATTOr|^^^= 



COM 8116 
COM 8116T 



Dual Baud Rate Generator 

Programmable Divider 



FEATURES 

□ On chip crystal oscillator or external 
frequency input 

□ Single +5v power supply 

D Choice of 2 x 1 6 output frequencies 

□ 16 asynchronous/synchronous baud rates 

□ Direct UART/USRT/ASTRO/USYNRT 
compatibility 

□ Full duplex communication capability 

□ Re-programmable ROM via CLASP® 
technology allows generation of other 
frequencies 

□ TTL, MOS compatibility 

□ Compatible with COM 501 6 



PIN CONFIGURATION 
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w 
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1 16 T A 
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J 15 T B 
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J 14 T c 


Re 61 




J 13 T D 


Rd 7[ 




112 STT 


STR 8( 




111 GND 


NC 9[ 




110 NC 
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General Description 



The Standard Microsystem's COM 8116 is an en- 
hanced version of the COM 5016 Dual Baud Rate 
Generator. It is fabricated using SMC's patented 
COPLAMOS® and CLASP® technologies and em- 
ploys depletion mode loads, allowing operation from 
a single + 5v supply. 

The standard COM 8116 is specifically dedicated to 
generating the full spectrum of 16 asynchronous/ 
synchronous data communication frequencies for 
16X UART/USRT devices. A large number of the fre- 
quencies available are also useful for 1X and 32X 
ASTRO/USYNRT devices. 

The COM 8116 features an internal crystal oscillator 
which may be used to provide the master reference 
frequency. Alternatively, an external reference may be 
supplied by applying complementary TTL level sig- 
nals to pins 1 and 18. Parts suitable for use only with 
an external TTL reference are marked COM 8116T. 
TTL outputs used to drive the COM 8116 or COM 
8116T XTAL/EXT inputs should not be used to drive 



other TTL inputs, as noise immunity may be com- 
promised due to excessive loading. 

The output of the oscillator/buffer is applied to the 
dividers for generation of the output frequencies f T , f R . 
The dividers are capable of dividing by any integer 
from 6 to 2" + 1, inclusive. If the divisor is even, the 
output will be square; otherwise the output will be 
high longer than it is low by one fx clock period. 

Each of the two divisor ROMs contains 16 divisors, 
each 19 bits wide, and is fabricated using SMC's 
unique CLASP® technology allowing up to 32 dif- 
ferent divisors on custom parts. This process permits 
reduction of turn-around time for ROM patterns. 
Each group of four divisor select bits is held in an 
externally strobed data latch. The strobe input is level 
sensitive: while the strobe is high, data is passed di- 
rectly through to the ROM. Initiation of a new fre- 
quency is effected within 3.5,us of a change in any of 
the four divisor select bits (strobe activity is not re- 
quired). The divisor select inputs have pull-up resis- 
tors; the strobe inputs do not. 



Description of Pin Functions 


Pin No. 


Symbol 


Name 


Function 


1 


XTAL/EXT1 


Crystal or 


This input is either one pin of the crystal package or one polarity 






External Input 1 


of the external input. 


2 


Vcc 


Power Supply 


+ 5 volt supply 


3 


f R 


Receiver Output 


This output runs at a frequency selected by the Receiver divisor 






Frequency 


select data bits. 


4-7 


Rai Rb> Rc> Rd 


Receiver-Divisor 


The logic level on these inputs, as shown in Table 1, selects the 






Select Data Bits 


receiver output frequency, f R . 


8 


STR 


Strobe-Receiver 


A high level input strobe loads the receiver data (R A , R B , R c , R D ) into 
the receiver divisor select register. This input may be strobed or 
hard-wired to a high level. 


9 


NC 


No Connection 




10 


NC 


No Connection 




11 


GND 


Ground 


Ground 


12 


STT 


Strobe- 


A high level input strobe loads the transmitter data (T A , T B , T c , T D ) 






Transmitter 


into the transmitter divisor select register. This input may be 
strobed or hard-wired to a high level. 


13-16 


Td> T c , T b , T a 


Transmitter- 


The logic level on these inputs, as shown in Table 1, selects the 






Divisor 


transmitter output frequency, f T . 






Select Data Bits 




17 


f T 


Transmitter 


This output runs at a frequency selected by the Transmitter divisor 






Output 


select data bits. 






Frequency 




18 


XTAL/EXT2 


Crystal or 


This input is either the other pin of the crystal package or the 






External Input 2 


other polarity of the external input. 



For electrical characteristics, see page 189. 



182 



STANDARD MICROSYSTEMS 
CORPORAnOPl^^^= 



COM 8126 
COM 8126T 



Baud Rate Generator 

Programmable Divider 



FEATURES 

□ On chip crystal oscillator or external 
frequency input 

□ Single +5v power supply 

□ Choice of 16 output frequencies 

□ 1 6 asynchronous/synchronous baud rates 

□ Direct UART/USRT/ASTRO/USYNRT 
compatibility 

□ Re-programmable ROM via CLASP® 
technology allows generation of other 
frequencies 

□ TTL, MOS compatibility 

□ Compatible with COM 5026 



PIN CONFIGURATION 
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)14 fouT 


W 


XTAL/EXT2 2[ 




113 A 
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112 B 
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111 C 


GND 5L 
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NC 6L 




J9 ST 


NC 7l 




18 NC 
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Jl k 
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General Description 



The Standard Microsystem's COM 8126 is an en- 
hanced version of the COM 5026 Baud Rate 
Generator. It is fabricated using SMC's patented 
COPLAMOS® and CLASP® technologies and em- 
ploys depletion mode loads, allowing operation from 
a single +5v supply. 

The standard COM 8126 is specifically dedicated to 
generating the full spectrum of 16 asynchronous/ 
synchronous data communication frequencies for 
16X UART/USRT devices. A large number of the fre- 
quencies available are also useful for 1X and 32X 
ASTRO/USYNRT devices. 

The COM 8126 features an internal crystal oscillator 
which may be used to provide the master reference 
frequency. Alternatively, an external reference may be 
supplied by applying complementary TTL level sig- 
nals to pins 1 and 2. Parts suitable for use only with 
an external TTL reference are marked COM 8126T. 
TTL outputs used to drive the COM 8126 or COM 
8126T XTAL/EXT inputs should not be used to drive 
other TTL inputs, as noise immunity may be com- 



promised due to excessive loading. 

The output of the oscillator/buffer is applied to the 
divider for generation of the output frequency. The 
divider is capable of dividing by any integer from 6 
to 2" + 1, inclusive. If the divisor is even, the output 
will be square; otherwise the output will be high 
longer than it is low by one fx clock period. 

The divisor ROM contains 16 divisors, each 19 bits 
wide, and is fabricated using SMC's unique CLASP® 
technology. This process permits reduction of turn- 
around time for ROM patterns. The four divisor select 
bits are held in an externally strobed data latch. The 
strobe input is level sensitive: while the strobe is high, 
data is passed directly through to the ROM. Initiation 
of a new frequency is effected within 3.5^s of a 
change in any of the four divisor select bits (strobe 
activity is not required). This feature may be disabled 
through a CLASP® programming option causing new 
frequency initiation to be delayed until the end of the 
current f 0UT half-cycle. The divisor select inputs have 
pull-up resistors; the strobe input does not. 



Description of Pin Functions 



Pin No. 


Symbol 


Name 


Function 


1 


XTAL/EXT1 


Crystal or 


This input is either one pin of the crystal package or one polarity 






External Input 1 


of the external input. 


2 


XTAL/EXT2 


Crystal or 


This input is either the other pin of the crystal package or the other 






External Input 2 


polarity of the external input. 


3 


Vcc 


Power Supply 


+ 5 volt supply 


4,6,7,8 


NC 


No Connection 




5 


GND 


Ground 


Ground 


9 


ST 


Strobe 


A high level strobe loads the input data (A, B, C, D) into the input 
divisor select register. This input may be strobed or hard-wired to 
a high level. 


10-13 


D,C, B,A 


Divisor Select 


The logic level on these inputs as shown in Table 1, selects the 






Data Bits 


output frequency. 


14 


foUT 


Output 


This output runs at a frequency selected by the divisor select 






Frequency 


data bits. 



For electrical characteristics, see page 189. 



184 



STANDARD MICROSYSTEMS 
CORPORATION ^==== 



COM 8136 
COM 8136T 



Dual Baud Rate Generator 

Programmable Divider 



FEATURES 

D On chip crystal oscillator or external 
frequency input 

□ Single +5v power supply 

□ Choice of 2x16 outputfrequencies 

□ 16 asynchronous/synchronous baud rates 

□ Direct UART/USRT/ASTRO/USYNRT 
compatibility 

□ Full duplex communication capability 

□ High frequency reference output 

□ Re-programmable ROM via CLASP® 
technology allows generation of other 
frequencies 

□ TTL, MOS compatibility 

□ Compatible with COM 5036 



BLOCK DIAGRAM 



PIN CONFIGURATION 
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5 17 f T 


f R 3? 


1 16 T A 


Ra 4? 


n 15 T B 


R B 5[ 


Q14 T c 
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General Description 



The Standard Microsystem's COM 8136 is an en- 
hanced version of the COM 5036 Dual Baud Rate 
Generator. It is fabricated using SMC's patented 
COPLAMOS® and CLASP® technologies and em- 
ploys depletion mode loads, allowing operation from 
a single +5v supply. 

The standard COM 8136 is specifically dedicated to 
generating the full spectrum of 16 asynchronous/ 
synchronous data communication frequencies for 
16X UART/USRT devices. A large number of the 
frequencies available are also useful for 1X and 32X 
ASTRO/ USYNRT devices. 

The COM 8136 features an internal crystal oscillator 
which may be used to provide the master reference 
frequency. Alternatively, an external reference may be 
supplied by applying complementary TTL level sig- 
nals to pins 1 and 18. Parts suitable for use only with 
an external TTL reference are marked COM 8136T. 
TTL outputs used to drive the COM 8136 or COM 
8136T XTAL/EXT inputs should not be used to drive 
other TTL inputs, as noise immunity may be com- 
promised due to excessive loading. 



The output of the oscillator/buffer is applied to the 
dividers for generation of the output frequencies f T , f R . 
The dividers are capable of dividing by any integer 
from 6 to 2" + 1, inclusive. If the divisor is even, the 
output will be square; otherwise the output will be 
high longer than it is low by one fx clock period. 

The reference frequency (fx) is used to provide a high 
frequency output at fx/4. 

Each of the two divisor ROMs contains 16 divisors, 
each 19 bits wide, and is fabricated using SMC's 
unique CLASP® technology allowing up to 32 dif- 
ferent divisors on custom parts. This process permits 
reduction of turn-around time for ROM patterns. Each 
group of four divisor select bits is held in an externally 
strobed data latch. The strobe input is level sensi- 
tive: while the strobe is high, data is passed directly 
through to the ROM. Initiation of a new frequency is 
effected within 3.5ms of a change in any of the four 
divisor select bits (strobe activity is not required). 
The divisor select inputs have pull-up resistors; the 
strobe inputs do not. 



Description of Pin Functions 


Pin No. 


Symbol 


Name 


Function 


1 


XTAL/EXT1 


Crystal or 


This input is either one pin of the crystal package or one polarity 






External Input 1 


of the external input. 


2 


Vcc 


Power Supply 


+ 5 volt supply 


3 


f R 


Receiver Output 


This output runs at a frequency selected by the Receiver divisor 






Frequency 


select data bits. 


4-7 


Rai "Bi °Ci °D 


Receiver-Divisor 


The logic level on these inputs, as shown in Table 1, selects the 






Select Data Bits 


receiver output frequency, f R . 


8 


STR 


Strobe-Receiver 


A high level input strobe loads the receiver data (R A , R B , R c , R D ) into 
the receiver divisor select register. This input may be strobed or 
hard-wired to a high level. 


9 


NC 


No Connection 




10 


fx/4 


fx/4 


Va crystal/clock frequency reference output. 


11 


GND 


Ground 


Ground 


12 


STT 


Strobe- 


A high level input strobe loads the transmitter data (T A , T B , T c , T D ) 






Transmitter 


into the transmitter divisor select register. This input may be 
strobed or hard-wired to a high level. 


13-16 


Tdi Tci Tg, T A 


Transmitter- 


The logic level on these inputs, as shown in Table 1, selects the 






Divider 


transmitter output frequency, f T . 






Select Data Bits 




17 


f T 


Transmitter 


This output runs at a frequency selected by the Transmitter divisor 






Output 


select data bits. 






Frequency 




18 


XTAL/EXT2 


Crystal or 


This input is either the other pin of the crystal package or the 






External Input 2 


other polarity of the external input. 



For electrical characteristics, see page 189. 
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STANDARD MICROSYSTEMS 



CORPORATOR 



COM 8146 
COM 8146T 



Baud Rate Generator 

Programmable Divider 



FEATURES 

□ On chip crystal oscillator or external 
frequency input 

□ Single +5v powersupply 

□ Choice of 16 output frequencies 

□ 1 6 asynchronous/synchronous baud rates 

□ Direct UART/USRT/ASTRO/USYNRT 
compatibility 

□ High frequency reference output 

□ Re-programmable ROM via CLASP® 
technology allows generation of other 
frequencies 

□ TTL, MOS compatibility 

□ Compatible with COM 5046 



PIN CONFIGURATION 
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General Description 



The Standard Microsystem's COM 8146 is an en- 
hanced version of the COM 5046 Baud Rate 
Generator. It is fabricated using SMC's patented 
COPLAMOS® and CLASP® technologies and em- 
ploys depletion mode loads, allowing operation from 
a single +5v supply. 

The standard COM 8146 is specifically dedicated to 
generating the full spectrum of 16 asynchronous/ 
synchronous data communication frequencies for 
16X UART/USRT devices. A large number of the fre- 
quencies available are also useful for 1X and 32X 
ASTRO/ USYNRT devices. 

The COM 8146 features an internal crystal oscillator 
which may be used to provide the master reference 
frequency. Alternatively, an external reference may be 
supplied by applying complementary TTL level sig- 
nals to pins 1 and 2. Parts suitable for use only with an 
external TTL reference are marked COM 8146T. TTL 
outputs used to drive the COM 8146 or COM 8146T 
XTAL/EXT inputs should not be used to drive other 
TTL inputs, as noise immunity may be compromised 
due to excessive loading. 



The output of the oscillator/buffer is applied to the 
divider for generation of the output frequency. The 
divider is capable of dividing by any integer from 6 to 
2" + 1 , inclusive. If the divisor is even, the output will 
be square; otherwise the output will be high longer 
than it is low by one fx clock period. 

The reference frequency (fx) is used to provide a high 
frequency output at fx/4. 

The divisor ROM contains 16 divisors, each 19 bits 
wide, and is fabricated using SMC's unique CLASP® 
technology. This process permits reduction of turn- 
around time for ROM patterns. The four divisor select 
bits are held in an externally strobed data latch. The 
strobe input is level sensitive: while the strobe is high, 
data is passed directly through to the ROM. Initiation 
of a new frequency is effected within 3.5/"S of a 
change in any of the four divisor select bits (strobe 
activity is not required). This feature may be disabled 
through a CLASP® programming option causing new 
frequency initiation to be delayed until the end of the 
current f OUT half-cycle. The divisor select inputs have 
pull-up resistors; the strobe input does not. 



Description of Pin Functions 


Pin No. 


Symbol 


Name 


Function 


1 


XTAL/EXT1 


Crystal or 


This input is either one pin of the crystal package or one polarity 






External Input 1 


of the external input. 


2 


XTAL/EXT2 


Crystal or 


This input is either the other pin of the crystal package or the other 






External Input 2 


polarity of the external input. 


3 


V C c 


Power Supply 


+ 5 volt supply 


4,6,7 


NC 


No Connection 




5 


GND 


Ground 


Ground 


8 


fx/4 


fx/4 


Va crystal/clock frequency reference output. 


9 


ST 


Strobe 


A high level strobe loads the input data (A, B, C, D) into the input 
divisor select register. This input may be strobed or hard-wired to 
a high level. 


10-13 


D,C,B,A 


Divisor Select 


The logic level on these inputs as shown in Table 1, selects the 






Data Bits 


output frequency. 


14 


'OUT 


Output 


This output runs at a frequency selected by the divisor select 






Frequency 


data bits. 



For electrical characteristics, see page 189. 
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ELECTRICAL CHARACTERISTICS COM8046, COM8046T, COM8116, COM8116T, COM8126, 

COM8126T, COM8136, COM8136T, COM8146, COM8146T 

MAXIMUM GUARANTEED RATINGS 

Operating Temperature Range 0°C to + 70°C 

Storage Temperature Range - 55°C to + 1 50°C 

Lead Temperature (soldering, 10 sec.) +325 C C 

Positive Voltage on any Pin. with respect to ground + 8.0V 

Negative Voltage on any Pin. with respect to ground -0.3V 

Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that 
the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies 
exhibit voltage spikes or "glitches" on their outputs when the AC power is switched on and off. 
In addition, voltage transients on the AC power line may appear on the DC output. If this possibility 
exists it is suggested that a clamp circuit be used. 
ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vcc= +5V±5%, unless otherwise noted) 



Parameter 


Min. 


Typ. 


Max. 


Unit 


Comments 


D.C. CHARACTERISTICS 












INPUT VOLTAGE LEVELS 












Low-level, V. L 






0.8 


V 




High-level, Vm 


2.0 






V 


excluding XTAL inputs 


OUTPUT VOLTAGE LEVELS 












Low-level, Vol 






0.4 


V 


l 0L = 1.6mA, for f x /4,f /16 








0.4 


V 


l 0L = 3.2mA, for f ,f R ,f T 








0.4 


V 


l 0L = 0.8mA, for f x 


High-level, Von 


3.5 






V 


Ioh = — 100/iA;for fx, Ioh = — 5(VA 


INPUT CURRENT 












Low-level, In 






-0.1 


mA 


V,n = GND, excluding XTAL inputs 


INPUT CAPACITANCE 












All inputs, On 




5 


10 


PF 


V.N = GND, excluding XTAL inputs 


EXT INPUT LOAD 




8 


10 




Series 7400 equivalent loads 


POWER SUPPLY CURRENT 












Ice 






50 


mA 




A.C. CHARACTERISTICS 










Ta= +25°C 


CLOCK FREQUENCY, f, N 


0.01 




7.0 


MHz 


XTAL/EXT, 50% Duty Cycle ±5% 
COM 8046, COM 8126, COM 8146 




0.01 




5.1 


MHz 


XTAL/EXT, 50% Duty Cycle ±5% 
COM 8116.COM 8136 


STROBE PULSE WIDTH, t PW 


150 




DC 


ns 




INPUT SET-UP TIME 












tos 


200 






ns 




INPUT HOLD TIME 












\dH 


50 






ns 




STROBE TO NEW FREQUENCY DELAY 






3.5 


MS 


@fx = 5.0MHz 



TIMING DIAGRAM 



V,H 



STROBE 



V, L 




DIVISOR 

SELECT 

DATA 
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Crystal Operation 
COM 8116 
COM 8136 



m 



D 



5.0688 MHz 



crystal 



tzt 



18 



IF 



External Input Operation 
COM8116/COM8116T 
COM 8136/COM 8136T 



74XX- 
TTL 



i> 



>£>>i— £i ^ 18^J-J 74XX >J^oi— p>o— C 



~^y 



18 >J 



74XX— totem pole or open collector output (external 
pull-up resistor required) 



Crystal Operation 
COM 8126 
COM 8146 
COM 8046 





External Input Operation 
COM 8126/COM 8126T 
COM 8146/COM 8146T 
COM 8046/COM 8046T 



H>H>^-c 




74XX — totem pole or open collector output (external 
pull-up resistor required) 



For ROM re-programming SMC has a computer program available whereby the customer 

need only supply the input frequency and the desired output frequencies. 

The ROM programming is automatically generated. 



Crystal Specifications 

User must specify termination (pin, wire, other) 

Prefer: HC-18/U or HC-25/U 

Frequency — 5.0688 MHz, AT cut 

Temperature range 0°C to 70°C 

Series resistance <50 ft 

Series Resonant 

Overall tolerance ± .01% 

or as required 
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Crystal manufacturers (Partial List) 
Northern Engineering Laboratories 

357 Beloit Street 

Burlington, Wisconsin 53105 

(414) 763-3591 

Bulova Frequency Control Products 

61-20 Woodside Avenue 

Woodside, New York 11377 

(212) 335-6000 

CTS Knights Inc. 

101 East Church Street 

Sandwich, Illinois 60548 

(815) 786-8411 

Crystek Crystals Corporation 

1000 Crystal Drive 

Fort Myers, Florida 33901 

(813)936-2109 









COM 8046 












COM 8046T 












Table 2 












REFERENCE FREQUENCY = 5.068800MHz 






Divisor 


Desired 




Desired 




Actual 


Actual 




Select 


Baud 


Clock 


Frequency 




Baud 


Frequency 




EDCBA 


Rate 


Factor 


(KHz) 


Divisor 


Rate 


(KHz) 


Deviation 


00000 


50.00 


32X 


1.60000 


3168 


50.00 


1.600000 


0.0000% 


00001 


75.00 


32X 


2.40000 


2112 


75.00 


2.400000 


0.0000% 


00010 


110.00 


32X 


3.52000 


1440 


110.00 


3.520000 


0.0000% 


00011 


134.50 


32X 


4.30400 


1177 


134.58 


4.306542 


0.0591% 


00100 


150.00 


32X 


4.80000 


1056 


150.00 


4.800000 


0.0000% 


00101 


200.00 


32X 


6.40000 


792 


200.00 


6.400000 


0.0000% 


00110 


300.00 


32X 


9.60000 


528 


300.00 


9.600000 


0.0000% 


00111 


600.00 


32X 


19.20000 


264 


600.00 


19.200000 


0.0000% 


01000 


1200.00 


32X 


38.40000 


132 


1200.00 


38.400000 


0.0000% 


01001 


1800.00 


32X 


57.60000 


88 


1800.00 


57.600000 


0.0000% 


01010 


2400.00 


32X 


76.80000 


66 


2400.00 


76.800000 


0.0000% 


01011 


3600.00 


32X 


115.20000 


44 


3600.00 


115.200000 


0.0000% 


01100 


4800.00 


32X 


153.60000 


33 


4800.00 


153.600000 


0.0000% 


01101 


7200.00 


32X 


230.40000 


22 


7200.00 


230.400000 


0.0000% 


01110 


9600.00 


32X 


307.20000 


16 


9900.00 


316.800000 


3.1250% 


01111 


19200.00 


32X 


614.40000 


8 


19800.00 


633.600000 


3.1250% 


10000 


50.00 


16X 


0.80000 


6336 


50.00 


0.800000 


0.0000% 


10001 


75.00 


16X 


1.20000 


4224 


75.00 


1 .200000 


0.0000% 


10010 


110.00 


16X 


1.76000 


2880 


110.00 


1 .760000 


0.0000% 


10011 


134.50 


16X 


2.15200 


2355 


134.52 


2.152357 


0.0166% 


10100 


150.00 


16X 


2.40000 


2112 


150.00 


2.400000 


0.0000% 


10101 


300.00 


16X 


4.80000 


1056 


300.00 


4.800000 


0.0000% 


10110 


600.00 


16X 


9.60000 


528 


600.00 


9.600000 


0.0000% 


10111 


1200.00 


16X 


19.20000 


264 


1200.00 


19.200000 


0.0000% 


11000 


1800.00 


16X 


28.80000 


176 


1800.00 


28.800000 


0.0000% 


11001 


2000.00 


16X 


32.00000 


158 


2005.06 


32.081013 


0.2532% 


11010 


2400.00 


16X 


38.40000 


132 


2400.00 


38.400000 


0.0000% 


11011 


3600.00 


16X 


57.60000 


88 


3600.00 


57.600000 


0.0000% 


11100 


4800.00 


16X 


76.80000 


66 


4800.00 


76.800000 


0.0000% 


11101 


7200.00 


16X 


115.20000 


44 


7200.00 


115.200000 


0.0000% 


11110 


9600.00 


16X 


153.60000 


33 


9600.00 


153.600000 


0.0000% 


11111 


19200.00 


16X 


307.20000 


16 


19800.00 


316.800000 


3.1250% 
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COM 8116 




COM 8136 






COM 8116T 




COM 8136T 




COM 8126 




COM 8146 






COM 8126T 




COM 8146T 








Table 1 












REFERENCE FREQUENCY = 5.068800MHZ 












(STANDARD PART) 






Divisior 


Desired 




Desired 




Actual 


Actual 




Select 


Baud 


Clock 


Frequency 




Baud 


Frequency 




DCBA 


Rate 


Factor 


(KHz) 


Divisor 


Rate 


(KHz) 


Deviation 


0000 


50.00 


16X 


0.80000 


6336 


50.00 


0.800000 


0.0000% 


0001 


75.00 


16X 


1.20000 


4224 


75.00 


1 .200000 


0.0000% 


0010 


110.00 


16X 


1.76000 


2880 


110.00 


1.760000 


0.0000% 


0011 


134.50 


16X 


2.15200 


2355 


134.52 


2.152357 


0.0166% 


0100 


150.00 


16X 


2.40000 


2112 


150.00 


2.400000 


0.0000% 


0101 


300.00 


16X 


4.80000 


1056 


300.00 


4.800000 


0.0000% 


0110 


600.00 


16X 


9.60000 


528 


600.00 


9.600000 


0.0000% 


0111 


1200.00 


16X 


19.20000 


264 


1200.00 


19.200000 


0.0000% 


1000 


1800.00 


16X 


28.80000 


176 


1800.00 


28.800000 


0.0000% 


1001 


2000.00 


16X 


32.00000 


158 


2005.06 


32.081013 


0.2532% 


1010 


2400.00 


16X 


38.40000 


132 


2400.00 


38.400000 


0.0000% 


1011 


3600.00 


16X 


57.60000 


88 


3600.00 


57.600000 


0.0000% 


1100 


4800.00 


16X 


76.80000 


66 


4800.00 


76.800000 


0.0000% 


1101 


7200.00 


16X 


115.20000 


44 


7200.00 


115.200000 


0.0000% 


1110 


9600.00 


16X 


153.60000 


33 


9600.00 


153.600000 


0.0000% 


1111 


19200.00 


16X 


307.20000 


16 


19800.00 


316.800000 


3.1250% 








Table 2 












REFERENCE FREQUENCY = ' 


1.915200MHz 












(COM81 


-5) 








Divisor 


Desired 




Desired 




Actual 


Actual 




Select 


Baud 


Clock 


Frequency 




Baud 


Frequency 




DCBA 


Rate 


Factor 


(KHz) 


Divisor 


Rate 


(KHz) 


Deviation 


0000 


50.00 


16X 


0.80000 


6144 


50.00 


0.800000 


0.0000% 


0001 


75.00 


16X 


1.20000 


4096 


75.00 


1.200000 


0.0000% 


0010 


110.00 


16X 


1.76000 


2793 


109.93 


1.758983 


0.0100% 


0011 


134.50 


16X 


2.15200 


2284 


134.50 


2.152000 


0.0000% 


0100 


150.00 


16X 


2.40000 


2048 


150.00 


2.400000 


0.0000% 


0101 


300.00 


16X 


4.80000 


1024 


300.00 


4.800000 


0.0000% 


0110 


600.00 


16X 


9.60000 


512 


600.00 


9.600000 


0.0000% 


0111 


1200.00 


16X 


19.20000 


256 


1200.00 


19.200000 


0.0000% 


1000 


1800.00 


16X 


28.80000 


171 


1796.49 


28.743859 


0.1949% 


1001 


2000.00 


16X 


32.00000 


154 


1994.81 


31.916883 


0.2597% 


1010 


2400.00 


16X 


38.40000 


128 


2400.00 


32.000000 


0.0000% 


1011 


3600.00 


16X 


57.60000 


85 


3614.11 


57.825882 


0.3921% 


1100 


4800.00 


16X 


76.80000 


64 


4800.00 


76.800000 


0.0000% 


1101 


7200.00 


16X 


115.20000 


43 


7144.19 


114.306976 


0.7751% 


1110 


9600.00 


16X 


153.60000 


32 


9600.00 


153.600000 


0.0000% 


1111 


19200.00 


16X 


307.20000 


16 


19200.00 


307.200000 


0.0000% 
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RCP 
TCP 


COM 8017 
COM 2017 

UART 


RSI 
TSO 




DUAL 
BAUD RATE GENERATOR 








fr 
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Typical UART— Dual Baud Rate Generator Configuration 
Full Duplex— Split Speed 











R. 

R2 
R, 

DB 
DD 


BA 

COM 1671 
ASTRO 

BB 














fo 
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^ 


fx/4 








COM 8046 
















fo/16 




Rate Generato 


rCo 


nfig 


uration 





XTAL 

IDI 



^>— M> 



R 



i> 



-+-XTAL/EXT1 



i> 



Typical External Oscillator Hook-Up 



> 



-+-XTAL/EXT2 



To System 



XTAL/EXT1 



COM 8XXX 



XTAL/EXT2 



XTAL 



50-1 OOpF 



X 



X 



10pF 



10pF 



Generation of Communication Reference Frequency and 
System Clock from a single crystal 




o- 



To System 



74xx 



STANDARD MICROSYSTEMS 
CORPORATION, 



1-3100 TWX-510-227-8838 

We keep ahead of our compettoon so you can Keep ahead of yours, 



Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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«5^*%Si. 



I A 



*# 



CRT Display 



TIMING CONTROLLERS 



Part Number 


Description 


Features 


Display 
Format 


Max 
Clock 


Power 
Supplies 


Package 


Page 


CRT 5087 


provides all of the 
timing and control 
for interlaced and 
non-interlaced CRT 
display- 




programmable 


4 MHz 


+5. + 12 


40 DIP 


197-204 


CRT 8037 


balanced beam interlace 


programmable 


4 MHz 


+5, + 12 


40 DIP 


197-204 


CRT 6047 < 3 > 


fixed format 


80 column 
24 row 


4 MHz 


+5, + 12 


40 DIP 


205-206 


CRT 5057 


line-lock 


programmable 


4 MHz 


+6, + 12 


40 DIP 


197-204 


CRT 9007 


CRT video processor 
and controller 


sequential or row- 
table driven memory 


programmable 


4 MHz 


+5 


40 DIP 


207-226 


CRT96364A/B 


complete CRT 
processor 


on-chip cursor and 
write control 


64 column 
16 row 


1.6 MHz 


+ 5 


28 DIP 


227-234 





VDAC™ 


DISPLAY CONTROLLERS 










Part Number 


Description. 


Display 


Attributes 


Max 
Clock 


Power 
Supply 


Package 


Page 




CRT8002H< ls3 > 


Provides complete 
display and attri- 
butes control for 
alphanumeric and 
graphics display. 
Consists of 7 x 11 x 128 
character generator, 
video shift register, 
latches, graphics and 
attributes circuits. 


7x 11 dot matrix, 
wide graphics, 
thin graphics, 
on-chip cursor 


reverse video 

blank 

blink 

underline 

strike-thru 


25 MHz 


+ 5 


28 DIP 


247-254 
235-244 




CRT8002A i33) 


20 MHz 




CRT8002B ,S! ' 3 > 


15 MHz 


235-244 pa 


CRT8002C tl!:s > 


10 MHz 


235-244 





CHARACTER GENERATORS 



Part number 


Description 


Max 
Frequency 


Power Supply 


Package 


Page 


CRT 7004A < 3 ' 4 > 


7 x 11 x 128 character generator, 
latches, video shift register 


20 MHz 


+ 5 


24 DIP 


255-260 


CRT 7004B W.4) 


15 MHz 


CRT7004C ( 34 > 


10 MHz 



ROW BUFFER 



Part Number 


Description 


Max 
Row Length 


Power Supply 


Package 


Page 


CRT 9006-83 


8 bit wide serial cascadable single row buffer 
memory for CRT or printer 


83 characters 


+ 5 


24 DIP 


261-266 


CRT 9006- 135 


135 characters 


CRT 9212 


8 bit wide serial cascadable double row buffer 
memory for CRT or printer 


135 characters 


+ 5 


28 DIP 


267-272 



VIDEO ATTRIBUTES CONTROLLERS 



Part Number 


Description 


Display 


Attributes 


Max 
Clock 


Power 
Supply 


Package 


Page 


CRT 8021 


Provides attributes 
and graphics control 
for CRT video 
displays 


Alphanumeric, wide 
graphics, thin graphics, 
on-chip cursor 


Reverse video, 
blank, blink, 
underline, 
strike-thru 


20 MHz 


+ 5 


28 DIP 


273-280 


CRT 9021B 


Provides attributes 
and graphics control 
for CRT video 
displays 


Alphanumeric, wide 
graphics, thin graphics, 
on-chip cursor, double 
height, double width 


Reverse video, 
blank, blink, 
underline, 
intensity 


28.5 MHz 


+ 5 


28 DIP ! 281-292 



(i) For future release 

(2) Also available as CRT 8002A,B,C — 001 Katakana 

CRT 8002A,B,C — 003 5X7 dot matrix 



( 3 ) May be custom mask programmed 

(4) Also available as CRT 7004A,B,C - 003 5X7 

dot matrix 
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STANDARD MICROSYSTEMS 

CORPORATION *^==^ 



CRT Video Timer and Controller 



CRT 5027 
CRT 5037 
CRT 5057 

JUL PC FAMILY 



VTAC 



® 



FEATURES 

□ Fully Programmable Display Format 

Characters per data row (1-200) 
Data rows per frame (1-64) 
Raster scans perdata row (1-16) 

□ Programmable Monitor Sync Format 

Raster Scans/Frame (256-1023) 
"Front Porch" 
Sync Width 
"Back Porch" 
Interlace/Non-lnterlace 
Vertical Blanking 

□ Lock Line Input (CRT 5057) 

□ Direct Outputs to CRT Monitor 

Horizontal Sync 

Vertical Sync 

Composite Sync (CRT 5027, CRT 5037) 

Blanking 

Cursor coincidence 

□ Programmed via: 

Processor data bus 
External PROM 
Mask Option ROM 

□ Standard or Non-Standard CRT Monitor Compatible 

□ Refresh Rate: 60Hz, 50Hz,... 

□ Scrolling 

Single Line 
Multi-Line 

□ Cursor Position Registers 

□ Character Format: 5x7, 7x9, .. . 

□ Programmable Vertical Data Positioning 

□ Balanced Beam Current Interlace (CRT 5037) 

□ Graphics Compatible 



PIN CONFIGURATION 









A2 [ 


1 40 


] A1 


A3 [ 


2 39 


] A0 


CS [ 


3 38 


] H0 


R3 C 


4 37 


1 H1 


R2 [ 


5 36 


] H2 


GND t 


6 35 


J H3 


R1 C 


7 34 


] H4 


R0 [ 
[ 


8 33 


]H5 
] H6 








LLI/CSYN C 


10 




31 


] H7/DR5 


VSYN [ 


11 




30 


] DR4 






] DR3 


Vdd [ 


13 28 


] DR2 


Vcc [ 


14 27 


3 DR1 


HSYN r. 


15 26 


] DR0 


CRV C 


16 25 


] DB0 


BL n 


17 24 


] DB1 


DB7 C 


18 23 


] DB2 


DB6 C 


19 22 


] DB3 


DB5 t 


20 21 


] DB4 


PACKAGE: 40-Pin D.I.P. 



□ Split-Screen Applications 

Horizontal 
Vertical 

□ Interlace or Non-lnterlace operation 

□ TTL Compatibility 

□ BUS Oriented 

□ High Speed Operation 

□ COPLAMOS" N-Channel Silicon 
Gate Technology 

□ Compatible with CRT 8002 VDAC™ 
D Compatible with CRT 7004 



GENERAL DESCRIPTION 

TheCRTVideoTimerand Controller Chip (VTAC)" isauserprogrammable40-pinCOPLAMOS® nchannel MOS/LSI 
device containing the logic functions required to generate all the timing signals for the presentation and formatting of 
interlaced and non-interlaced video data on a standard or non-standard CRT monitor. 

With the exception of the dot counter, which may be clocked at a video frequency above 25 MHz and therefore not 
recommended for MOS implementation, all frame formatting, such as horizontal, vertical, and composite sync, characters 
per data row, data rows per frame, and raster scans per data row and per frame are totally user programmable. The data row 
counter has been designed to facilitate scrolling. 

Programming is effected by loading seven 8 bit control registers directly off an 8 bit bidirectional data bus. Four register 
address lines and a chip select line provide complete microprocessor compatibility for program controlled set up. The device 
can be "self loaded" via an external PROM tied on the data bus as described in the OPERATION section. Formatting can also 
be programmed by a single mask option. 

In addition to the seven control registers two additional registers are provided to store the cursor character and data 
row addresses for generation of the cursor video signal. The contents of these two registers can also be read out onto the 
bus for update by the program. 

Three versions of the VTAC® are available. The CRT 5027 provides non-interlaced operation with an even or odd 
number of scan lines per data row, or interlaced operation with an even number of scan lines per data row. The CRT5037 
may be programmed for an odd or even number of scan lines perdata row in both interlaced and non-interlaced modes. 
Programming the CRT 5037 for an odd number of scan lines perdata row eliminates character distortion caused by the 
uneven beam current normally associated with odd field/even field interlacing of alphanumeric displays. 

The CRT 5057 provides the ability to lock a CRT's vertical refresh rate, as controlled by the VTAC's® vertical sync 
pulse, to the 50 Hz or 60 Hz line frequency thereby eliminating the so called "swim" phenomenon. This is particularly 
well suited for European system requirements. The line frequency waveform, processed to conform to the VTAC's® 
specified logic levels, is applied to the line lock input. The VTAC® will inhibit generation of vertical sync until a zero to 
one transition on this input is detected. The vertical sync pulse is then initiated within one scan line afterthis transition 
rises above the logic threshold of the VTAC.® 

To provide the pin required for the line lock input, the composite sync output is not provided in the CRT 5057. 
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Pin No. Symbol Name 



Description of Pin Functions 

Input/ 

Output Function 



25-18 DB0-7 Data Bus 



3 CS 

39,40,1,2 A0-3 

9 DS 

12 DCC 

38-32 H0-6 

7,5,4 R1-3 

31 H7/DR5 



8 



R0 



Chip Select 
Register 
Address 
Data Strobe 

DOT Counter 

Carry 

Character 

Counter Outputs 

Scan Counter 

Outputs 

H7/DR5 



Scan Counter LSB 



26-30 


DR0-4 


Data Row 
Counter Outputs 





17 


BL 


Blank 





15 


HSYN 


Horizontal Sync 





11 


VSYN 


Vertical Sync 





10 


CSYN/ 


Composite Sync Output/ 


O/l 




LLI 


Line Lock Input 





16 CRV 

14 Vcc 

13 Vdd 



Cursor Video 
Power Supply 
Power Supply 



I/O Data bus. Input bus for control words from microprocessor or 

PROM. Bidirectional bus for cursor address. 
I Signals chip that it is being addressed 
I Register address bits for selecting one of seven control 

registers or either of the cursor address registers 
I Strobes DB0-7 into the appropriate register or outputs the 

cursor character address or cursor line address onto the data bus 
I Carry from off chip dot counter establishing basic character 

clock rate. Character clock. 
O Character counter outputs. 

O Three most significant bits of the Scan Counter; row select 
inputs to character generator. 

O Pin definition is user programmable. Output is MSB of 

Character Counter if horizontal line count (REG. 0) is ^128; 
otherwise output is MSB of Data Row Counter. 

O Least significant bit of the scan counter. In the inter- 
laced mode with an even number of scans per data row, 
R0 will toggle at the field rate; for an odd number of 
scans per data row in the interlaced mode, R0 will toggle 
at the data row rate. 
Data Row counter outputs. 

Defines non active portion of horizontal and vertical scans. 
Initiates horizontal retrace. 
Initiates vertical retrace. 

Composite sync is provided on the CRT 5027 and CRT 5037. 
This output is active in non-interlaced mode only. Provides a true 
RS-1 70 composite sync wave form. For the CRT 5057, this pin is 
the Line Lock Input. The line frequency waveform, processed to 
conform to the VTAC's® specified logic levels, is applied to this pin. 

O Defines cursor location in data field. 

PS +5 volt Power Supply 

PS +12 volt Power Supply 



3^E 



__, char/bow 



3^E 



DATA BUS DB*7 25.11 



IE TT TTEI 



xz: 



F 



3T 



COMPARATOR 

ZTTZ 




COMPARATOR 



n 



H 



COMPARATOR 



^y^ 




COMPARATOR 



^JP 



H 



COMPARATOR 




3TL 



H 



SCBOU— *- 



DATA BUS 06 »7 



:m 



UL 




COMPARATOR J 



3TI 



n 



ADDRESS 

DECODE (—RESET 
•START 



BLOCK DIAGRAM 
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Operation 

The design philosophy employed was to allow the device to interface effectively with either a microprocessor based or 
hardwire logic system. The device is programmed by the user in one of two ways; via the processor data bus as part of the 
system initialization routine, or during power up via a PROM tied on the data bus and addressed directly by the Row Select 
outputs of the chip. (See figure 4). Seven 8 bit words are required to fully program the chip. Bit assignments for these words 
are shown in Table 1 . The information contained in these seven words consists of the following: 



Horizontal Formatting: 
Characters/Data Row 



Horizontal Sync Delay 
Horizontal Sync Width 

Horizontal Line Count 
Skew Bits 



Vertical Formatting: 

Interlaced/Non-interlaced 



Scans/Frame 



Vertical Data Start 

Data Rows/Frame 
Last Data Row 

Scans/Data Row 



A 3 bit code providing 8 mask programmable character lengths from 20 to 132. 
The standard device will be masked for the following character lengths; 20, 32, 
40, 64,72, 80, 96, and 132. 

3 bits assigned providing up to 8 character times for generation of "front porch". 

4 bits assigned providing up to 15 character times for generation of horizontal 
sync width. 

8 bits assigned providing up to 256 character times for total horizontal formatting. 

A 2 bit code providing from a to 2 character skew (delay) between the 
horizontal address counter and the blank and sync (horizontal, vertical, composite) 
signals to allow for retiming of video data prior to generation of composite video 
signal. The Cursor Video signal is also skewed as a function of this code. 



This bit provides for data presentation with odd/even field formatting for inter- 
laced systems. It modifies the vertical timing counters as described below. 
A logic 1 establishes the interlace mode. 

8 bits assigned, defined according to the following equations: Let X = value of 8 
assigned bits. 

1) in interlaced mode — scans/frame = 2X + 513. Therefore for 525 scans, 
program X = 6 (000001 1 0). Vertical sync will occur precisely every 262.5 scans, 
thereby producing two interlaced fields. 

Range = 51 3 to 1 023 scans/frame, odd counts only. 

2) in non-interlaced mode — scans/frame = 2X + 256. Therefore for 262 scans, 
program X = 3 (0000001 1 ). 

Range = 256 to 766 scans/frame, even counts only. 

In either mode, vertical sync width is fixed at three horizontal scans (= 3H). 

8 bits defining the number of raster scans from the leading edge of vertical 
sync until the start of display data. At this raster scan the data row counter is 
set to the data row address at the top of the page. 

6 bits assigned providing up to 64 data rows per frame. 

6 bits to allow up or down scrolling via a preload defining the count of the last 
displayed data row. 

4 bits assigned providing up to 1 6 scan lines per data row. 



Additional Features 

Device Initialization: 

Under microprocessor control — The device can be reset under system or program control by presenting a 1 01 address 
on A3-!?. The device will remain reset at the top of the even field page until a start command is executed by presenting a 1 1 1 
address on A3-0. 

Via "Self Loading" — In a non-processor environment, the self loading sequence is effected by presenting and holding the 
1111 address on A3-0, and is initiated by the receipt of the strobe pulse (DS). The 1111 address should be maintained long 
enough to insure that all seven registers have been loaded (in most applications under one millisecond). The timing 
sequence will begin one line scan after the 1 1 1 1 address is removed. In processor based systems, self loading is initiated by 
presenting the 01 1 1 address to the device. Self loading is terminated by presenting the start command to the device which 
also initiates the timing chain. 

Scrolling — In addition to the Register 6 storage of the last displayed data row a "scroll" command (address 1011) 
presented to the device will increment the first displayed data row count to facilitate up scrolling in certain applications. 
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Horizontal Line Count: 
Characters/Data Row: 



Horizontal Sync Delay: 
Horizontal Sync Width: 

Skew Bits 



Scans/Frame 



Vertical Data Start: 

Data Rows/ Frame: 
Last Data Row: 

Mode: 
Scans/Data Row: 



Control Registers Programming Chart 

Total Characters/ Line = N + 1 , N = to 255 (DBO = LSB) 



DB2 


DB1 


DBO 













= 20 








1 


= 32 





1 





= 40 





1 


1 


= 64 


1 








= 72 


1 





1 


= 80 


1 


1 





= 96 


1 


1 


1 


= 132 



Active Characters/ Data Row 



= N, from 1 to 7 character times (DBO = LSB) (N = Disallowed) 

= N, from 1 to 1 5 character times (DB3 = LSB) (N = Disallowed) 

Sync/Blank Delay Cursor Delay 



DB7 DB6 



1 

1 

1 1 



(Character Times) 



8 bits assigned, defined according to the following equations: 
Let X = value of 8 assigned bits. (DBO = LSB) 

1) in interlaced mode— scans/frame = 2X + 513. Therefore for 525 scans, 
program X = 6(00000110). Vertical sync will occur precisely every 262.5 
scans, thereby producing two interlaced fields. 

Range = 51 3 to 1023 scans/frame, odd counts only. 

2) in non-interlaced mode— scans/frame = 2X + 256. Therefore for 262 
scans, program X = 3(00000011). 

Range = 256 to 766 scans/frame, even counts only. 

In either mode, vertical sync width is fixed at three horizontal scans( = 3H). 

N = number of raster lines delay after leading edge of vertical sync of 

vertical start position. (DBO = LSB) 

Number of data rows = N + 1 , N = to 63 (DBO = LSB) 

N = Address of last dsplayed data row, N = to 63, ie; for 24 data rows, 

program N = 23. (DBO = LSB) 

Register, 1, DB7 = 1 establishes Interlace. 

Interlace Mode 
CRT 5027: Scans per Data Row = N + 1 where N = programmed number of 
scans/data rows. N = to 15. Scans per data row must be even counts only. 

CRT 5037, CRT 5057: Scans per data Row = N +2. N = to 14, odd or even 
counts. 

Non-lnterlace Mode 
CRT 5027, CRT 5037, CRT 5057: Scans per Data Row = N + 1, odd or 
even count. N = 0to15. 
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Register Selects/Command Codes 



A3 


A2 


A1 


AU 























1 








1 











1 


1 





1 











1 





1 





1 


1 








1 


1 


1 


1 











1 








1 


1 





1 






10 11 



Select/Command 

Load Control Register 
Load Control Register 1 
Load Control Register 2 
Load Control Register 3 
Load Control Register 4 
Load Control Register 5 
Load Control Register 6 
Processor Initiated Self Load 



Read Cursor Line Address 
Read Cursor Character Address 
Reset 



Up Scroll 



Description 



See Table 1 



Command from processor instructing 
VTAC S to enter Self Load Mode (via ex- 
ternal PROM) 



Resets timing chain to tog left of page. Reset 
is latched on chip by DS and counters are 
held until released by start command. 
Increments address of first displayed data 
row on page, ie; prior to receipt of scroll 
command — top line = 0, bottom line = 23. 
After receipt of Scroll Command — top line = 
1 , bottom line = 0. 



110 
110 1 
1110 



1111 



Load Cursor Character Address* 
Load Cursor Line Address* 
Start Timing Chain 



Non-Processor Self Load 



Receipt of this command after a Reset or 
Processor Self Load command will release 
the timing chain approximately one scan line 
later. In applications requiring synchronous 
operation of more than one CRT 5027 the 
dot counter carry should be held low during 
the DS for this command. 
Device will begin self load via PROM 
when DS goes low. The 1111 command 
should be maintained on A3-0 long 
enough to guarantee self load. (Scan 
counter should cycle through at least 
once). Self load is automatically termi- 
nated and timing chain initiated when the 
all "1's"_condition is removed, indepen- 
dent of DS. For synchronous operation 
of more than one VTAC®, the Dot Counter 
Carry should be held low when the com- 
mand is removed. 



'NOTE: During Self-Load, the Cursor Character Address Register (REG 7) and the Cursor Row Address 

Register (REG 8) are enabled during states 01 11 and 1000 of the R3-R0Scan Counter outputs respectively. 
Therefore, Cursor data in the PROM should be stored at these addresses. 



TABLE 1 



HORIZONTAL LINE COUNT 



BIT ASSIGNMENT CHART 

SKEW BITS DATA ROWS/FRAME 

r-U . 1 , 



REG.JJ 



7 



MODE: INTERLACED/ H SYNC WIDTH H SYNC DELAY 
NONINTERLACED . 1 . . L — . 



SCANS/DATA ROW CHARACTERS/DATA ROW 
REG 2 



SCAN LINES/FRAME 



VERTICAL DATA START 





I III 




r- — ■ ■■ — i . 




6 






3 


2 







REG 5 


7 


















LAST DISPLAYED DATA ROW 





i i 




1 5 











CURSOR CHARACTER ADDRESS 




7| I I 1 1 1 10 




CURSOR ROW ADDRESS 



5 
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DOT COUNTER 
CARRY 



HSYNC.V SYNC. BLANK. 
CURSOR VIDEO. 
COMPOSITE SYNC 



ADDRESS. 
CHIP SELECT 



READING OUT 
OF DATA 



R0-3 
DR0-5 



AC TIMING DIAGRAMS 

FIGURE 1 VIDEO TIMING 



-II- 



H,h 



FIGURE 2 LOAD READ TIMING 

— TsET UPi » 




FIGURE 3 SCAN AND DATA ROW COUNTER TIMING 

i 



\ 



*R0-3 and DR0-5 may change prior to the falling edge of H sync 



CRT 5057 LINE LOCK 



f=f=\ — tF=\ — -r 



a 




— 1/F LINE LOCK H 

■1/F LINE LOCK ±1H ►J 




n 2n JL_rL__rL_n n n_ 



Note: To ensure 
a stable display when 
using the line lock 
mode, the CRT 5057 
should be used with DC 
coupled monitors only. 
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MAXIMUM GUARANTEED RATINGS 

Operating Temperature Range O'C to + 70'C 

Storage Temperature Range - 55"C to + 1 50C 

Lead Temperature (soldering, 10 sec.) + 325 r C 

Positive Voltage on any Pin, with respect to ground -r 1 8.0V 

Negative Voltage on any Pin, with respect to ground - 0.3V 

Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that 
the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies 
exhibit voltage spikes or "glitches" on their outputs when the AC power is switched on and off. 
In addition, voltage transients on the AC power line may appear on the DC output. For example, the 
bench power supply programmed to deliver +12 volts may have large voltage transients when the 
AC power is switched on and off. If this possibility exists it is suggested that a clamp circuit be used. 

ELECTRICAL CHARACTERISTICS (Ta=0 c C to 70°C, Vcc= + 5V±5%, Vdd= + 12V±5%, unless otherwise noted) 
Parameter Min. Typ. Max. Unit Comments 

D.C. CHARACTERISTICS 

INPUT VOLTAGE LEVELS 
Low Level, Vil 0.8 V 

High Level, Vih Vcc-1.5 Vcc V 

OUTPUT VOLTAGE LEVELS 
Low Level— Vol for R0-3 0.4 V loi.=3.2ma 

Low Level— Vol all others 0.4 V loi. = 1.6ma 

High Level— VoHfor R0-3, DB0-7 2.4 loH=80Ma 

High Level— Voh all others 2.4 loH = 40Ma 

INPUT CURRENT 
Low Level, I il (Address, CS only) 250 M A V, N = 0.4V 

Leakage, Iil (All Inputs except Address, CS) 10 uA 0<Vin<Vcc 

INPUT CAPACITANCE 
Data Bus, Cin 10 15 pF 

DS, Clock, Cin 25 40 pF 

Allother, Cin 10 15 pF 

DATA BUS LEAKAGE in INPUT MODE 
Ids 10 ^A 0.4V ^V IN ^ 5.25V 

POWER SUPPLY CURRENT 
Ice 80 100 mA 

Idd 40 70 mA 

A.C. CHARACTERISTICS Ta = 25^C 

DOT COUNTER CARRY 

frequency 0.5 4.0 MHz Figure 1 

PWh 35 ns Figure 1 

PWl 215 ns Figure 1 

tr, tf 10 50 ns Figure 1 

DATA STROBE 
PWds 150ns 10/xs Figure 2 

ADDRESS, CHIP SELECT 
Set-uptime 125 ns Figure 2 

Hold time 50 ns Figure 2 

DATA BUS— LOADING 
Set-uptime 125 ns Figure 2 

Hold time 75 ns Figure 2 

DATA BUS— READING 
Tdel2 125 ns Figure 2, CL=50pF 

Tdel4 5 60 ns Figure 2, CL=50pF 

OUTPUTS: H0-7, HS, VS, BL, CRV, 
CS-Tdeh 125 ns Figure 1, CL=20pF 

OUTPUTS: Rtf-3, DR0-5 
Tdel3 * 750 ns Figure 3, CL=20pF 

•R0-3 and DR0-5 may change prior to the falling edge of H sync 

Restrictions 

1 . Only one pin is available for strobing data into the device via the data bus. The cursor X and Y coordinates are therefore 
loaded into the chip by presenting one set of addresses and outputed by presenting a different set of addresses. Therefore 
the standard WRITE and READ control signals from most microprocessors must be "NORed" externally to present a single 
strobe (DS) signal to the device. 

2. In interlaced mode the total number of character slots assigned to the horizontal scan must be even to insure that vertical 
sync occurs precisely between horizontal sync pulses. 
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General Timing 



HORIZONTAL TIMING 



n v/////////////////////////\ n \TTTTT/ 



.START OF LINEN 



START OF LINE N+1_ 



ACTIVE VIDEO= 
CHARACTERS PER DATA LINE 



A^ 



HORIZONTAL SYNC DELAY 
(FRONT PORCH) 

HORIZONTAL SYNC WIDTH- 
HORIZONTAL LINE COUNT= H 



VERTICAL TIMING 

START OF FRAME M OR ODD FIELD 

SCAN LINES PER FRAME- 



START OF FRAME M+ 1 OR EVEN FIELD 



V///////////7/////////////77777\ I " I 77T/ 



VERTICAL DATA 
START 



zrt* 



ACTIVE VIDEO= 
DATA ROWS PER FRAME 



Hd 



VERTICAL SYNC 



Voh 

H SYNC 



Voh 
VSYNC 



Composite Sync Timing 



n n__n n 



COMPOSITE 
SYNC „ 

Vol 



or 



jt 



^^^AJ1_RJ 



IT 



Vertical Sync Timing 



SCAN COUNTER IS HELD 
RESET DURING V BLANKH 



^"UmATUmAAJUL 



DATA ROW 
COUNTE 
N = 23 



DRol 



DATA ROW COUNTER 
MAINTAINS LAST COUNT 
DURING V DLAh 



X 



u T u i u^J 7 iAApmj T un_ 



D-»- 2 



6 8 2 



— K 



VERTICAL DATA START SCAN = (REG 5) 



b-nk JJUjUHJliiUJlULiilli^ n^LLliJliiliililiUii 



VIPLE BASED ON: Non-lnte 



Start-up, CRT 5027 

When employing microprocessor controlled loading of the CRT 5027's registers, the following se- 
quence of instructions is necessary: 

ADDRESS COMMAND 

1110 Start Timing Chain 

10 10 Reset 

Load Register 



Load Register 6 
Start Timing Chain 



The sequence of START RESET LOAD START is necessary to insure proper initialization of the 

registers. 

This sequence is not required if register loading is via either of the Self Load modes. This sequence 

is optional with the CRT 5037 or CRT 5057. 



Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information doesnotconveytothepurchaserofthe semiconductor 

devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 

We keep ahead of our taniuetlUtm so you canteen ahead of yours at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION^ 



t 



CRT 5047 

)U,PC FAMILY 



Preprogrammed CRT Video Timer and Controller 

VTAC® 



FEATURES 

□ Preprogrammed (Mask-Programmed) Display Format 

80 Characters Per Data Row 
24 Data Rows Per Frame 
9 Scan Lines Per Data Row 

□ Preprogrammed Monitor Sync Format 
262 Scan Lines Per Frame 
6 Character Times for Horizontal Front Porch 
8 Character Times for Horizontal Sync Width 
6 Character Times for Horizontal Back Porch 
16 Scan Lines for Vertical Front Porch 
3 Scan Lines for Vertical Sync Width 
27 Scan Lines for Vertical Back Porch 
Non-lnterlace 

15.720KHz Horizontal Scan Rate 
60Hz Frame Refresh Rate 

□ Fixed Character Rate 

1.572MHz Character Rate (636.13ns/Character) 
11.004MHz Dot Rate (90.88ns/Dot) for 7 Dot 
Wide Character Block 

□ Character Format 

5X7 Character in a 7 X 9 Block 

□ Compatible with CRT 8002B-003 VDAC™ 

□ Compatible with CRT 7004B-003 

□ May be mask-programmed with other display formats 



PIN CONFIGURATION 




W 




A2 C 


1 40 


II A1 


A3 C 


2 39 


1 A0 


cs C 


3 38 


3 H3 


R3 C 


4 37 


: hi 


R2 C 


5 36 


2 H2 


GND £ 


6 35 


] H3 


R1 C 


7 34 


] H4 


R0 Q 


8 33 


] H5 


DS C 
CSYN C 




2 H6 

2 H7/DR5 


10 




31 


vsyn r_ 


11 




30 


3 DR4 


.DCC [ 
Vod [ 








2 DR3 
2 DR2 


13 28 


Vcc C 


14 27 


2 DR1 


HSYN C 


15 26 


] DR0 


CRV C 


16 25 


2 DB0 


BL C 


17 24 


] DB1 


DB7 £ 


18 23 


2 DB2 


DB6 C 


19 22 


2 DB3 


DB5 £ 


20 21 


2 DB4 


PACKAGE: 40-pin D.I. P. 



GENERAL DESCRIPTION 



The two chip combination of SMC's CRT 5047 and 
CRT 8002B-003 effectively provide all of the video elec- 
tronics for a CRT terminal. This chip set along with a 
fjC form the basis for a minimum chip count CRT 
terminal. 

The CRT 5047 Video Timer and Controller is a special 
version of the CRT 5037 VTAC® which has been ROM- 
programmed with a fixed format. It is especially effective 
for low-cost CRT terminals using an 80 X 24 display 
format with a 5 X 7 character matrix. The use of a fixed 
ROM program in the CRT 5047 eliminates the software 
overhead normally required to specify the display 
parameters and simplifies terminal software design. 

The Cursor Character Address Register and the Cursor 
Row Address Register are the only two registers acces- 



sible by the processor. The CRT 5047 is easily initialized 
by the following sequence of commands: 

Reset Load Control Register 6 Start Timing Chain 



The parameters of the CRT 5047 have been selected to 
be compatible with most CRT monitors. The horizontal 
timing is programmed so that when the two character 
skew delay of the CRT 8002 VDAC™ is taken into account, 
the effective timing is: Horizontal Front Porch — four 
characters, and Horizontal Back Porch— eight characters. 

Figure 1 shows the contents of the internal CRT 5047 
registers. Other mask-programmed versions of the CRT 
5037 are available. Consult SMC for more information. 
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VTAC® WORK SHEET 



8 



10 



60 



1. H CHARACTER MATRIX (No. of Dots): . _£ 

2. V CHARACTER MATRIX 

(No. of Horiz. Scan Lines): _ 

3. H CHARACTER BLOCK (Step 1 + 

Desired Horiz. Spacing = No. in Dots): . . 

4. V CHARACTER BLOCK (Step 2 + 
Desired Vertical Spacing = No. in _ 
Horiz. Scan Lines): 

5. VERTICAL FRAME (REFRESH) RATE 
(Freq. in Hz): 

6. DESIRED NO. OF DATA ROWS: _?4 

7. TOTAL NO. OF ACTIVE "VIDEO 
DISPLAY" SCAN LINES (Step 4 x 
Step 6 = No. in Horiz. Scan Lines): . . . 
VERT. SYNC DELAY (No. in Horiz. 
Scan Lines) : 

VERT. SYNC (No. in Horiz. Scan Lines; 

T= 190-8 /fS «): __£ 

VERT. SCAN DELAY (No. in Horiz. 
Scan Lines; T= 1.718 ms*): 



216 



16 



27 



11. TOTAL VERTICAL FRAME (Add steps 

7 thru 10 = No. in Horiz. Scan Lines): . . . 

12. HORIZONTAL SCAN LINE RATE 

(Step 5 x Step 11 = Freq. in KHz): 

13. DESIRED NO. OF CHARACTERS 

PER HORIZ. ROW: 

14. HORIZ. SYNC DELAY (No. in Character 
Time Units; T = 3.817 //s**): 

15. HORIZ. SYNC (No. in Character Time 
Units; T = 5.090 //s **) : 

16. HORIZ. SCAN DELAY (No. in Character 
Time Units; T = 3.817 //s**): 

17. TOTAL CHARACTER TIME UNITS IN (1) 
HORIZ. SCAN LINE (Add Steps 13 

thru 16): 

18. CHARACTER RATE (Step 12 x Step 17 
= Freq. in MHz): 

19. CLOCK (DOT) RATE (Step 3 x Step 18 

= Freq. in MHz): 

"Vertical Interval ""Horizontal Interval 



262 



15.720 



80 



100 



1.572 



11.004 



REG 


# 


ADDRESS 
A3 A0 


FUNCTION 


BIT ASSIGNMENT 




HEX. 


DEC. 



1 

2 
3 
4 
5 

6* 

*Regi 
The 


0000 
0001 

0010 
0011 
0100 
0101 

0110 

ster6 has an initials 
'Up Scroll" comma 


HORI7 I INF nnuNT 100 
INTFRI AC.F 






63 

46 
45 
17 
03 

1E 


99 

70 
69 
23 
03 

30 





1 


1 











1 


1 






H RYNP. WIDTH 8 





1 











1 


1 





H RYNin DFI AY 6 


RHANR/HATA ROW 9 






X 


1 











1 





1 


HHARAHTFRR/RnW 80 

RKFW nHARAP.TFRR 0,0 
nATA ROWS 24 















1 





1 


1 


1 


RHANR/FRAMF 262 

y= 3 
























1 


1 


VERTICAL DATA START 

= 3 + VERTICAL SCAN DELAY: 

rp.an nFi ay 27 






oj 





1 


1 


1 


1 





DATA RTART 30 


LAST DISPLAYED DATA ROW 
(= DATA ROWS) 

nation option. It is loaded with the data contain 
nd can be used to effect scrolling operations 

Figure 1: CRT 5047 Mask Program 






X 


X 














ed in Register3 by a "Load 
med Registers 
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ister6" command. 



STANDARD MICROSYSTEMS 
CORPORATION^ 



Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 

devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 

we keep ahead of our competition so you can keep ahead of yours, at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION^^^^s 



^i 



CRT 9007 

yUPC FAMILY 



%At 



My 



CRT Video Processor and Controller 

VPAC™ 



FEATURES 

□ Fully Programmable Display Format 

Characters per Data Row (8-240) 
Data Rows per Frame (2-256) 
Raster Scans per Data Row (1-32) 

□ Programmable Monitor Sync Format 

Raster Scans/Frame (4-2048) 

Front Porch — Horizontal (Negative or Positive) 

—Vertical 
Sync Width — Horizontal (1-128 Character Times) 

—Vertical (2-256 Scan Lines) 
Back Porch— Horizontal 

—Vertical 

□ Direct Outputs to CRT Monitor 

Horizontal Sync 
Vertical Sync 
Composite Sync 
Composite Blanking 
Cursor Coincidence 

□ Binary Addressing of Video Memory 

□ Row-Table Driven or Sequential Video Addressing Modes 

□ Programmable Status Row Position and Address Registers 

□ Bidirectional Partial or Full Page Smooth Scroll 

□ Attribute Assemble Mode 

□ Double Height Data Row Mode 

□ Double Width Data Row Mode 

□ Programmable DMA Burst Mode 

□ Configurable with a Variety of Memory Contention 
Arrangements 

□ Light Pen Register 

□ Cursor Horizontal and Vertical Position Registers 

□ Maskable Processor Interrupt Line 

□ Internal Status Register 

□ Three-state Video Memory Address Bus 

□ Partial or Full Page Blank Capability 

□ Two Interlace Modes: Enhanced Video and Alternate 
Scan Line 



PIN CONFIGURATION 











*<J 




VA2 1 r 




3 40GND 


VA10 2 C 




U 39VA9 


VA3 3 C 




3 38VA1 


VA1 1 4 C 




2 37VA8 


VA12 5 C 




1 36VA0 


VA4 6 C 




3 35CBLANK 


VA13 7 C 




3 34 CURS 


VA5 8 C 




3 33ACK/TSC 


VA6 9 L" 
VA7 10L" 




J 32 CSYNC/LPSTB 
3 31 SLD/SLO 








VLT 1 1 C 








1 30STG7SL1 


V512L 
H313L" 








J 29 WBEN/SL2/CSYNC 
3 28 DMAR/SL3/VBLANK 




CCLK14L 




3 27 INT 


DRB15L" 




] 26RST 


VD716C 




3 25C5 


VD617C 




3 24VD0 


VD518C 




3 23VD1 


VD419C 




] 22VD2 


VD320 C 




] 21 +5V 


PACKAGES 40-pin DIP 



□ Ability to Delay Cursor and Blanking with respect to 
Active Video 

□ Programmable for Horizontal Split Screen Applications 

□ Graphics Compatible 

□ Ability to Externally Sync each Raster Line, each Field 

□ Single +5 Volt Power Supply 

□ TTL Compatible on All Inputs and Outputs 
DVT-100 Compatible 

□ RS-170 Interlaced Composite Sync Available 



GENERAL DESCRIPTION 



The CRT 9007 VPAC™ is a next generation video processor/ 
controller — an MOS LSI integrated circuit which supports either 
sequential or row-table driven memory addressing modes. As 
indicated by the features above, the VPAC™ provides the user 
with a wide range of programmable features permitting low cost 
implementation of high performance CRT systems. Its 14 address 
lines can directly address up to 16K of video memory. This is 
equivalent to eight pages of an 80 character by 24 line CRT dis- 
play. Smooth or jump scroll operations may be performed any- 
where within the addressable memory. In addition, status rows 
can be defined anywhere on the screen. 
In the sequential video addressing mode, a Table Start Register 
points to the address of the first character of the first data row on 
the screen. It can be easily changed to produce a scrolling effect 
on the screen. By using this register in conjunction with two aux- 
iliary address registers and two sequential break registers, a screen 
roll can be produced with a stable status row held at either the first 
or last data row position. 



In the row-table driven video addressing mode, each row in the 
video display is designated by its own address. This provides the 
user with greater flexibility than sequential addressing since the 
rows of characters are linked by pointers instead of residing in 
sequential memory locations. Operations such as data row 
insertion, deletion, and replication are easily accomplished by 
manipulating pointers instead of entire lines. The row table itself 
can be stored in memory in a linked list or in a contiguous format. 
The VPAC™ works with a variety of memory contention schemes 
including operation with a Single Row Buffersuch as the CRT 9006, 
a Double Row Buffer such as the CRT 9212, or no buffer at all, in 
which case character addresses are output during each display- 
able scan line. 

User accessable internal registers provide such features as light 
pen, interrupt enabling, cursor addressing, and VPAC™ status. 
Ten of these registers are used for screen formatting with the abi- 
lity to define over 200 characters per data row and up to 256 data 
rows per frame. These 10 registers contain the "vital screen 
parameters". 
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CHAR/HORIZ PERIOD 


CURSOR, BLANK SKEW 


CHAR/DATA ROW 


DATA ROWS/FRAME 


HORI2 DELAY 


SCAN LINES/DATA ROW 


HORIZ SYNC WIDTH 


SCAN LINES/FRAME 


VERT SYNC WIDTH 


DMA BURST, DELAY COUNT 


VERTICAL DELAY 


PIN CONFIGURATION REQ 



II 



ATTRIBUTE AUXILIARY ADDRESS 



5 



AUXILIARY ADDRESS 



5 



TABLE START 



HORIZONTAL VERTICAL LIGHT PEN 

CURSOR CURSOR 



2 



INTERNAL BUS 



ICTH 



7T7YT 



■ ., - 1 



14 BIT ADDRESS BUS 



ft 



II 



INCREMENTER 



*?5~t> 



RST — 
CCLK- 



TIMING 

AND 

CONTROL 



SL3/DMAR/VBLANK 



SL2AVBEN/CSYNC 



FIGURE 1 : CRT 9007 BLOCK DIAGRAM 



DESCRIPTION OF PIN FUNCTIONS 



PROCESSOR INTERFACE: 



PIN NO. 


NAME 


SYMBOL 


FUNCTION 


7, 5, 4, 2, 39, 

37,10,9,8,6, 

3, 1 , 38, 36 


Video Address 
13-0 


VA13-VA0 


These 14 signals are the binary address presented to the video memory by the CRT 9007. 
The function depends on the particular CRT 9007 mode of operation. VA13-6 are outputs 
only. VA5-0 are bidirectional. 
— Double Row Buffer Configuration: 

VA13-0 are active outputs for the DMA operations and are in their high impedance state at 

all other times. 
—Single Row Buffer Configuration: 

VA13-0 are active outputs during the first scan line of each data row and are in their high 

impedance state at all other times. 
— Repetitive Memory Addressing Configuration: 

VA13-0 are active outputs at all times except during horizontal and vertical retrace at which 

time they are in their high impedance state. 
If row table addressing is used for either single row buffer or repetitive memory addressing 
modes, VA13-0 are active outputs during the horizontal retrace at each data row boundary to 
allow the CRT 9007 to retrieve the row table address. For processor read/write operations 
VA5-0 are inputs that select the appropriate internal register. 


16,17,18,19, 
20, 22, 23, 24 


Video Data 7-0 


VD7-VD0 


Bidirectional video data bus: during processor Read/write operations data is transferred via 
VD7-VD0 when chip strobe (CS) is active. These lines are in their high impedance state 
when CS is inactive. During CRT 9007 DMA operations, data from video memory is input via 
VD7-VD0 when a new row table address is being retrieved or when the attribute latch is being 
updated in the attribute assemble mode. VD7-VD0 are outputs when the external row buffer 
is updated with a new attribute in the attribute assemble mode. 


25 


Chip strobe 


CS 


Input; this signal when active low, allows the processor to read or write internaJ_CRT 9007 
registers. When reading from an internal CRT 9007 register, the chip strobe (CS) enables the 
output drivers. When writing to an internal CRT 9007 register, the trailing edge of this signal 
latches the incoming data. Figure 2 shows all processor read/write timing. 


26 


Reset 


RST 


Input; this active low signal puts the CRT 9007 into a known, inactive state and insures 
that the horizontal sync (HS) output is inactive. Activating this input has the same effect as a 
RESET command. After initialization, a START command causes normal CRT 9007 opera- 
tion. See processor addressable registers section, Register 16 for the reset state definition. 


27 


Interrupt 


INT 


Output; an interrupt to the processor from the CRT 9007 occurs when this signal is active 
high. The interrupt returns to its inactive low state when the status register is read. 
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DESCRIPTION OF PIN FUNCTIONS CONT'D 



CRT INTERFACE: 



PIN NO. 


NAME 


SYMBOL 


FUNCTION 


11 


Visible Line Time 


VLT 


Output; this signal is active high during all visible scan lines and during the horizontal trace 
times at vertical retrace. This signal can be used to gate the character clock (CCLK) when 
supplying data to a character generator from a single or double row buffer. 


12 


Vertical Sync 


VS 


Open drain output; this signal determines the vertical position of displayed text by initiating a 
vertical retrace. Its position and pulse width are user programmable. The open drain allows 
the vertical frame rate to be synchronized to the line frequency when using monitors with DC 
coupled vertical amplifiers. If the VS output is pulled active low externally before the CRT 
9007 itself initiates a vertical sync, the CRT 9007 will start its own vertical sync at the next 
leading edge of horizontal sync (HS). 


13 


Horizontal Sync 


HS 


Open drain output; this signal determines the horizontal position of displayed text by initiating 
a horizontal retrace. Its position and pulse width are user programmable. During hardware 
and software reset, this signal is inactive high. The open drain allows the horizontal scan rate 
to be synchronized to an external source. If the HS output is pulled low externally before the 
CRT 9007 itself initiates a horizontal sync, the CRT 9007 will start its own horizontal sync on 
the next character clock (CCLK). 


14 


Character Clock 


CCLK 


Input; this signal defines the character rate of the screen and is used by the CRT 9007 for 
all internal timing. A minimum high voltage of 4.3V must be maintained for proper 
chip operation. 


15 


Data Row 
Boundary 


DRB 


Output; this signal is active low for one full scan line (from VLT trailing edge to VLT trailing 
edge) at the top scan line of each new data row. This signal can be used to swap buffers in 
the double row buffer mode. It indicates the particular horizontal retrace time that the CRT 
9007 outputs addresses (VA13-VA0) for single row buffer operation. 


34 


Cursor 


CURS 


Output; this signal marks the cursor position on the screen as specified by the horizontal and 
vertical cursor registers. The signal is active for one character time at the particular character 
position for all scan lines within the data row. For double height or width characters, this sig- 
nal is active for 2 consecutive CCLK's in every scan line within the data row. For double 
height characters, this signal can be programmed to be active at the proper position for 2 
consecutive data rows. 

CURS is also used to signal either a double height or double width data row by becoming 
active during the horizontal retrace (CBLANK active) prior to a double height or double width 
scan line. The time of activation and deactivation is a function of the addressing mode, buffer 
configuration and the scan line number. See section of Double height/width for details. 


35 


Composite Blank 


CBLANK 


Output. This signal when active high, indicates that a retrace (either horizontal or vertical) will 
be performed. The signal remains active for the entire retrace interval as programmed. It is 
used to blank the video to a CRT. 



USER SELECTABLE PINS: (see Tables 4 and 5) 



PIN NO. 


NAME 


SYMBOL 


FUNCTION 


28, 29, 30, 31 


Scan Line 3- 
Scan Line 


SL3-SL0 


Output; these 4 signals are the direct scan line counter outputs, in binary form, that indicate 
to the character generator the current scan line. These signals continue to be updated 
during the vertical retrace interval. SL3 and SL0 are the most and least significant 
bits respectively. 


28 


Direct Memory 
Access Request 


DMAR 


Output; this signal is the DMA request issued by the CRT 9007. It will only become active if 
the acknowledge (ACK) input is inactive. It remains active high throughout the entire 
DMA operation. 


28 


Vertical Blank 


VBLANK 


Output; this signal is active high only during the vertical retrace period. 


29 


Write Buffer 
Enable 


WBEN 


Output; this active high signal is used to gate the clock feeding the write buffer in a double 
row buffer configuration. 


29 or 32 


Composite Sync 


CSYNC 


Output; this signal provides a true RS-170 composite sync waveform with equalization pulses 
and vertical serrations in both interlace and noninterlace formats. Fiqure 3 illustrates the 
CSYNC output in both interlaced and noninterlaced formats. 


30 


Scan Line Gate 


SLG 


Output; this active low signal is used as a clock gate. It captures the correct 5 or 6 CCLK's 
and, in conjunction with SLD (pin 31), allows scan line information to be loaded serially into 
an external shift register. 


31 


Scan Line Data 


SLD 


Output; this signal allows one to load an external shift register with the current scan line 

count. The count is presented least significant to most significant bit during the 5 or 6 CCLK's 
framed by SLG. With this form of scan line representation, it is possible to define up to 32 
scan lines per data row. 

The external shift register must be at least 5 bits in length. Even though 6 shifts can occur 
one should only use the 5 last bits shifted to define the scan line count. The extra shift occurs 
in interlace or double height character mode to allow the scan line count to be adjusted to its 
proper value. Figures 4 and 5 illustrate the serial scan line timing. 


32 


Light Pen Strobe 


LPSTB 


Input; this signal strobes the current row/column position into the light pen register at its posi- 
tive transition. 


33 


Acknowledge 


ACK 


Input; this active high signal acknowledges a DMA request. It indicates that the processor 
bus has entered its high impedance state and the CRT 9007 may access video memory. It is 
not recommended to deactivate this signal during a CRT 9007 DMA cycle because the CRT 
9007 will not shut down in a predictable amount of time. 


33 


Three State 
Control 


TSC 


Input; this signal, when active low, places VA13-VA0 in their high impedance state. 
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OPERATION MODES 



Single Row Buffer Operation 

The CRT 9007 configured with a CRT 9006 Single Row 
Buffer is shown in figure 6. The use of the CRT 9006 Single 
Row Buffer requires that the buffer be loaded at the video 
painting rate during the top scan line of each data row. How- 
ever, after the CRT 9006 is loaded, the CRT 9007 address 
lines enter their high impedance state for the remaining N- 
1 scan lines of the data row, thereby permitting full proces- 



sor access to memory during these scan lines. The per- 
centage of total memory cycles available to the processor 
is approximately [(N-1)/N] x 100 where N is the total num- 
ber of scan lines per data row. For a typical system with 1 2 
scan lines per data row this percentage is 92%. Figure 7 
illustrates typical timing for the CRT 9007 used with the CRT 
9006 Single Row Buffer. 
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FIGURE 6: CRT 9007 CONFIGURATION WITH SINGLE ROW BUFFER 
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FIGURE 7: CRT 9007 SINGLE ROW BUFFER TIMING (32 CHARACTERS PER DATA ROW) 
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Double Row Buffer Operation 

Figure 8 shows the CRT 9007 used in conjunction with a 
CRT 921 2 Double Row Buffer. The Double Row Buffer has 
a read buffer which is read at the painting rate of the CRT 
during each scan line in the data row. While the read buffer 
is being read and supplying data to the character generator 
for the current displayed data row, the write buffer is being 
loaded with the next data row to be displayed. This 
arrangement allows for relaxed write timing to the write buffer 
as it may be filled in the time it takes for N scan lines on the 
CRT to be painted where N is the number of scan lines per 
data row. Used in this configuration, the CRT 9007 takes 
advantage of the relaxed write buffer timing by stealing 
memory cycles from the processor to fill the write buffer 
(Direct memory access operation). The CRT 9007 sends 
the DMAR (DMA request) signal, awaits an ACK (acknowl- 
edge) signal and then drives out on VA1 3-VAO the address 
at which the next video data resides. The CRT 9007 then 
activates the WBEN (write buffer enable) signal to write the 
data into the buffer. If for example there are 80 characters 
per data row, the CRT 9007 performs 80 DMA operations. 
The user has the ability to program the number of DMA cycles 
performed during each DMAR-ACK sequence, as well as 



the delay between each DMAR-ACK sequence, via the DMA 
CONTROL REGISTER (RA). If 8 DMA operations are 
performed for each ACK received, 10 such DMAR-ACK 
sequences must be performed to completely fill the write 
buffer. The programmed delay allows the user to evenly 
distribute the DMA operations so as not to hold up the pro- 
cessor for an excessive length of time. This feature also 
permits other DMA devices to be used and allows the pro- 
cessor to respond to real time events. In addition, the user 
has the ability to disable the CRT 9007 DMA mechanism. 
Figure 9 illustrates typical timing for the CRT 9007 used with 
the CRT 9212 Double Row Buffer. 

Since the CRT 9212 Doubl e Row B uffer ha s separate inputs 
for read and write clocks (RCLK, WCLK), it is possible to 
display proportional character widths (variable number of 
dots per character) by reading out the buffer at a character 
clock rate determined by the particular character. The writ- 
ing of the buffer can be clocked from a different and con- 
stant character clock. Figure 10 illustrates the CRT 9007 
used with two double row buffers and a CRT 9021 Video 
Attributes Controller chip to provide proportional character 
display. 
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FIGURE 8: CRT 9007 CONFIGURATION WITH DOUBLE ROW BUFFER 
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Repetitive Memory Addressing Operation 

In this operation mode, the CRT 9007 will repeat the 
sequence of video addresses for every scan line of every 
data row. The CRT 9007 address bus will enter its high 
impedance state during all horizontal retrace intervals 
(except the retrace interval at a data row boundary if the 
CRT 9007 is configured in a row driven addressing mode). 
This arrangement allows for such low end contention 
schemes as retrace intervention (the processor is only 
allowed access to video memory during retrace intervals) 



and processor priority (the processor has an unlimited 
access to video memory). A high end contention scheme 
can be employed which uses a double speed memory such 
that in a single character period both the processor and the 
CRT 9007 are permitted access to video memory at pre- 
determined time slots. Figure 11 illustrates the CRT 9007 
configured with a double speed memory. Typical timing for 
this mode is illustrated in figure 12. 
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Attribute Assemble Operation 

This configuration allows the user to retain an 8 bit wide video 
memory in which attributes occupy memory locations but 
not positions on the CRT. This mode assumes that every 
other display position in video memory contains an attri- 
bute. During one clock cycle, attribute data is latched into 
the CRT 9007; during the next clock cycle a character loca- 
tion is addressed. The attribute data is driven out along with 
a WBEN signal allowing the character plus its associated 
attribute to be written simultaneously to two 8 bit double row 
buffers. Figure 1 3 illustrates the memory organization used 
for the Attribute Assemble mode. The first entry in each data 
row must begin with an attribute. 

Figure 14 shows the CRT 9007 configured in the Attribute 
Assemble mode used with two CRT 9212 Double Row 
Buffers and 8, 16Kx1 dynamic RAMS. This mode, since it 
retains an 8 bit wide memory while providing all the advan- 
tages of a 16 bit wide memory, lends itself to some cost 
effective designs using dynamic RAMS. The CRT 9007 will 
refresh dynamic RAMS because twice the number of the 
programmed characters per data row are accessed 
sequentially for each data row.* Figure 1 5 illustrates typical 
timing of the CRT 9007 used in the Attribute Assemble mode. 
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Figure 13: Attribute Assemble Memory Organization 



*Note: For 50 Hz operation there usually is about 3 milliseconds extra vertical blanking where refreshing might fail. In this situation the 
CRT 9007 can be programmed with about 5 more "dummy" data rows while extending the vertical blank signal. This allows 
the CRT 9007 to start addressing video memory much earlier within the vertical blanking interval and hence provide refresh to 
the dynamic RAMS. When displaying double height or double width data rows, only half as many sequential locations are 
accessed each data row and dynamic RAM refresh might fail. 
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Smooth Scroll Operation 

Smooth scroll requires that all or a portion of the screen move 
up or down an integral number of scan lines at a time. 2 user 
programmable registers allow one to define the "start data 
row" and the "end data row" for the smooth scroll opera- 
tion. A SMOOTH SCROLL OFFSET REGISTER (R17), 
when used in conjunction with a CRT 9007 vertically timed 
interrupt, allows the user to synchronize the update of the 
offset register to the vertical frame rate. The offset register 
causes the scan line counter outputs of the CRT 9007 to 
start at the programmed offset value rather than zero for 



the data row that starts the smooth scroll interval. To allow 
complete flexibility in smooth scroll direction and rate, one 
can update the offset register in the positive as well as neg- 
ative direction and can also offset any number of scan lines 
each frame. Since a smooth scroll can momentarily result 
in a partial data row consisting of one scan line, the loading 
of the write buffer under DMA operations for the start and 
end data row of the smooth scroll operation is forced to occur 
in one scan line. This condition overrides the programma- 
ble DMA CONTROL REGISTER (RA). 
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ADDRESSING MODES 



Row Table Addressing 

In this addressing mode, each data row in video memory is 
designated by its own starting address. This provides greater 
flexibility with respect to screen operations than with other 
addressing schemes used by previous CRT controllers. The 
row table, which is a list of starting addresses for each data 
row, can be configured in one of 2 ways. The choice of row 
table format is highly dependent upon the particular appli- 
cation and the programmer's preference since each format 
allows full utilization of the CRT 9007 features. 

Contiguous Row Table Format 

In this format, the TABLE START REGISTER (RC and RD) 
points to the address where the row table begins. The con- 
tents of the first 2 locations define the starting address of 
the first data row. These 2 bytes define a 1 4 bit address where 
the first byte is the low order 8 bits and the second byte is 
the high order 6 bits. The 2 most significant bits of the sec- 
ond byte define double height/width characteristics to the 
current data row. The contents of the third and fourth loca- 
tions define the address where the second data row begins. 
Figure 16 illustrates the contiguous row table organization 
in video memory. 

Linked List Row Table Format 

In this format the TABLE START REGISTER (RC and RD) 
points to the memory location which starts the entire 
addressing sequence into operation. The first byte read is 
the lower 8 bits and the second byte read is the upper 6 bits 
of the next data row's start address. The 2 most significant 
bits of the second byte define double height/width charac- 
teristics for the data row about to be read. The third, fourth, 
fifth, etc., bytes read are the first, second, third, etc., char- 
acters of the current data row. Figure 17 illustrates the linked 
list row table organization in video memory. 
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Sequential Addressing 

In this addressing mode, characters on the display screen 
are located in successive memory locations. The TABLE 
START REGISTER (RC and RD) points to the address of 
the first character of the first data row on the screen. In this 
mode the TABLE START REGISTER does not point to the 
start of a table but the start of the screen. As each character 



is read by the CRT 9007 for display refresh, the internal video 
address register is incremented by one to access the next 
character. 

For more versatile systems operation in the sequential 
addressing mode, SEQUENTIAL BREAK REGISTER 1 
(R10) and SEQUENTIAL BREAK REGISTER 2 (R12) may 
be used to define the data rows at which two additional 
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sequential display areas begin. Note that DATA ROW END 
REGISTER (R12) is defined as SEQUENTIAL BREAK 
REGISTER 2 (R12) for the sequential addressing mode only. 
The starting addresses for these two additional display areas 
are defined by AUXILIARY ADDRESS REGISTER 1 (RE 
and RF) and AUXILIARY ADDRESS REGISTER 2 (R13 and 
R14). When the raster begins painting a data row equal to 
the number programmed in one of the sequential break 
registers, the CRT 9007 addresses the video memory 
sequentially starting with the address specified by the cor- 
responding auxiliary address register. Figure 18 illustrates 
a display with 80 characters per data row having sequential 
breaks at data rows 3 and 6. 

Using the sequential addressing mode with 2 breaks, it is 
possible to roll a portion of the screen and keep the rest of 
the screen stable. Double height/width characteristics can 
be attached to the 2 sequentially addressed screens defined 
by SEQUENTIAL BREAK REGISTERS 1 and 2 by using the 
2 most significant bits of AUXILIARY ADDRESS REGIS- 
TERS 1 and 2. See the description of these 2 registers for 
their bit definition. 



TABLE START REGISTER = 1000 
AUXILIARY ADDRESS REGISTER 1 =2000 
AUXILIARY ADDRESS REGISTER 2 = 0800 
SEQUENTIAL BREAK REGISTER 1 =3 
SEQUENTIAL BREAK REGISTER 2 = 6 
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Figure 18: Sequential Addressing Example 
With Two Breaks 



Double Height/Width Operation 

When double height/width characters (2XH/2XW) are dis- 
played, the following will occur: 

1 . the CRT 9007 will address half as many characters for 
each data row by incrementing its address every other 
character clock. 

2. the high speed video shift register supplying serial video 
to the CRT must shift out dots at half frequency. 

3. For do uble h eight, the scan line counter outputs (SL3- 
SL0 or SLG, SLD) are incremented every other scan 
line. 

The CRT 9007 is informed of the double height or double 
width display modes via the 2 most significant bits of the 
row table address or the 2 most significant bits of the AUX- 
ILIARY ADDRESS registers depending on the selected 
addressing mode. In any case, once the information is 
obtained by the CRT 9007, it must initiate the 3 tasks listed 
above. Tasks 1 and 3 are performed as appropriate and task 
2 is performed using the CURS output of the CRT 9007 dur- 
ing CBLANK (horizontal retrace) to signal the external logic 
that a change in the dot shift frequency is required. The exact 
time of activation and deactivation of the CURS signal dur- 
ing horizontal retrace is a function of addressing mode, 
operation mode and actual scan line number to be painted. 
Tables 1 and 2 show the cursor activation and deactivation 
times as a function of the buffer configuration and address- 
ing mode for the top scan line of a new data row. Tables 1 
and 2 assume a cursor skew of zero. A cursor skew will effect 
the cursor position during trace as well as retrace time. For 
all sub sequent scan lines, the CURS signal is activated 3 
C CLK's after VLT trailing edge and stays active for exactly 
1 CCLK assuming no cursor skew. When the cursor is placed 
on a double height or double width data row, it will become 
active for 2 CCLK's to allow the cursor to be displayed as 
double width. If the cursor position is programmed to reside 
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1 CCLK after TSC 
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1 CCLK after TSC 
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1 CCLK after ACK 
leading edge 



in the top half of a double height data row, it may become 
active for all scan lines in both the current and next data row 
to allow the cursor to be displayed as double height. 

For row driven addressing, a particular data row or pair of 
data rows can appear in one of the following ways as a 
function of the two most significant bits of the row table 
address (bits 15 and 14). 

— Single height, single width (Row table address bits 15, 
14 = 00). The CRT 9007 will display the particular data 
row as single height, single width. 

— Single height, double width (Row table address bits 15, 
14 = 01). The CRT 9007 will display the particular data 
row as single height double width by accessing half as 
many characters as appear in a single width data row. 
The CURS signal becomes active during horizontal 
retrace in the manner described previously. 

— Double height, double width top half (Row table address 
bits 15, 14 = 10). In addition to providing the special tim- 
ing associated with single height double width data rows, 
the scan line counter is started from zero and incre- 
mented every other scan line until N scan lines are painted 
(N is the number of scan lines per single height data row). 
In this way, new dot information appears every other scan 
line and the top half of the data row appears in N scan 
lines. 

—Double Height, Double Width Bottom Half (Row table 
address bits 15, 14 = 11) — Same as Double Height, 
Double Width Top except the scan line counter is started 
from N/2 (or (N-1 )/2 if N is odd), and incremented every 
other scan line until N scan lines are painted. In single 
row buffer operation, a double height bottom data row 
can never stand alone and is assumed to follow a double 
height top data row. 



OPERATION 
MODE 


ADDRESSING MODE 


Row driven (linked list 
or contiguous) 


Sequential 


Repetitive Memory 
Addressing 

Single row buffer 

Double row buffer 


at the leading edge of 
VLT 

at the leading edge of 
VLT 

1 CCLK after leading 
edge of CURS 


at the leading edge of 
VLT 

at the leading edge of 
VLT 

1 CCLK after leading 
edge of CURS 



Table 1 : Double Height/Width CURS activation for top scan 
line of new data row. 



Table 2: Double Height/Width CURS deactivation for top scan 
line of new data row. 
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PROCESSOR ADDRESSABLE REGISTERS 



All CRT 9007 registers are selected by specifying the 
address on VA5-0 and asserting CS. All 14 bit registers are 
written or read as two consecutive 8 bit registers addressed 
low byte first. Only the VERTICAL CURSOR REGISTER 
and the HORIZONTAL CURSOR REGISTER are read/write 
registers with 2 different addresses for read or write oper- 
ations. The register address assigned to each register rep- 
resents the actual address in hexadecimal form that must 
appear on VA5-0. Figure 2 illustrates all processor to CRT 
9007 register timing. Tables 3a, 3b, and 3c summarize all 
register bits and provide register addresses. 

HORIZONTAL TIMING REGISTERS 

The following 4 registers define the horizontal timing 
parameters. Figure 1 9 relates the horizontal timing to these 
registers. 

CHARACTERS PER HORIZONTAL PERIOD (RO) 

This 8 bit write only register, programmed in units of char- 
acter times, represents the total number of characters in 
the horizontal period (trace plus retrace time). This register 
is programmed with the binary number N where N is the 
total characters in the horizontal period. The horizontal period 
should not be programmed for less than 12 characters. 

CHARACTERS PER DATA ROW (R1) 

This 8 bit write only register, programmed in units of char- 



acter times, represents the number of displayable charac- 
ters during the horizontal trace interval. The difference RO 
minus R1 represents the number of character times reserved 
for horizontal retrace. This register is programmed with the 
binary number (N-1 ) where N is the displayable characters 
per data row. 

HORIZONTAL DELAY (R2) 

This 8 bit write only register, programmed in units of char- 
acter times, represents the time between the leading edge 
of horizontal sync and leading edge of VLT. This register is 
programmed with N where N represents the time of hori- 
zontal delay. By programming this time greater than the 
horizontal blank interval, one can obtain negative front porch 
(horizontal sync begins before the horizontal blank interval). 

HORIZONTAL SYNC WIDTH (R3) 

This 8 bit write only register defines the horizontal sync width 
in units of character times. The start of the sync pulse is 
defined by the HORIZONTAL DELAY REGISTER and the 
end is independent of the start of the active display time. 
This register is programmed with N where N is the horizon- 
tal sync width. However this register must be programmed 
less than or equal to [(A/2)-1] where A is the programmed 
contents of REGISTER rounded to the smallest even 
integer. 



VERTICAL TIMING REGISTERS 



The following 5 registers define the vertical timing param- 
eters. Figure 20 relates the vertical timing to these regis- 
ters. 

VERTICAL SYNC WIDTH (R4) 

This 8 bit write only register defines the vertical sync width 
in units of horizontal periods. The start of this signal is defined 
by. the delay register (R5),and the end is independent of 
the start of the active display time. This register is pro- 
grammed with N where N is the vertical SYNC width. 

VERTICAL DELAY (R5) 

This 8 bit write only register, programmed in units of hori- 
zontal periods, represents the time between the leading edge 
of vertical sync and the leading edge of the first VLT after 
the vertical retrace interval. This register is programmed with 
(N-1) where N represents the time of the vertical delay. 

VISIBLE DATA ROWS PER FRAME (R7) 

This 8 bit write only register defines the number of data rows 



displayed on the screen. This register is programmed with 
(N-1 ) where N is the number of data rows displayed. 

SCAN LINES PER DATA ROW (R8) 

The 5 LSBs of this write only register define the number of 
scan lines per data row. These 5 bits are programmed with 
(N-1 ) where N is the number of scan lines per data row. When 
programming for scan lines per data ro w gre ater than 16, 
only the serial scan line pin option (SLD, SLG) can be used. 

SCAN LINES PER VERTICAL PERIOD (R8; R9) 

Registers R9 and the 3 most significant bits of R8 define 
the number of scan lines for the entire frame. R8 contains 
the 3 most significant bits of the 1 1 bit programmed value 
and R9 contains the 8 least significant bits of the 1 1 bit pro- 
grammed value. The 1 1 bits are programmed with N where 
N is the number of scan lines per frame. In the 2 interlace 
modes, the programmed value represents the number of 
scan lines per field. 
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FIGURE 19: CRT 9007 HORIZONTAL TIMING 
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FIGURE 20: CRT 9007 VERTICAL TIMING 



PIN CONFIGURATION/SKEW BITS REGISTER (R6) 

This 8 bit write only register is used to select certain pin 
configurations and to skew (delay) the cursor and the blank 
signals independently with respect to the video signal sent 
to the monitor. The bits take on the following definition: 

Bit 7, 6 (Pin Configuration) 

These 2 bits, as illustrated in tables 4 and 5, define all pinout 
configurations as a function of double row buffer mode and 
non double row buffer mode. (The buffer mode is defined 
in the CONTROL REGISTER bits 3, 2, and 1 .) The attribute 
assemble mode is assumed to be a double row buffer mode 
and obeys table 4. 

Bits 5, 4, 3 (Cursor skew) 

These three bits define the number of character clocks the 
cursor signal is skewed (delayed) from the VLT signal. The 



REGISTER R6 BITS 


CRT 9007 PIN NUMBER 


7 6 


28 29 30 31 32 33 


1 

1 1 


DMAR WBEN SLG SLD CSYNC ACK 
DMAR WBEN SLG SLD LPSTB ACK 




1 


NOT PERMITTED 
NOT PERMITTED 



Table 4: Pin configuration for double row buffer and attribute 
assemble modes. 



VLT signal is active for all characters within a data row and 
a non skewed cursor will always become active within the 
active VLT time at the designated position. The cursor can 
be skewed from to 5 character clocks (Bits 5, 4 and 3 pro- 
grammed from 000 to 101, bit 5 is the most significant bit; 
bit 3 is the least significant bit). For double height/width data 
rows, the cursor signal appearing during horizontal retrace 
is also skewed as programmed. 

Bits 2, 1,0 (Blank skew) 

These three bits define the number of character clocks the 
horizontal blank component of the CBLANK signal is skewed 
(delayed) from the VLT signal. The edges of VLT will line up 
exactly with the edges of the horizontal component of the 
CBLANK signal if no skew is programmed. The CBLANK 
can be skewed from to 5 character clocks (Bits 2, 1 and 
programmed from 000 to 101, bit 2 is the most significant 
bit; bit is the least significant bit). 



REGISTER 6 


BITS 


CRT 9007 PIN NUMBER 


7 


6 


28 29 30 31 32 33 



1 
1 




1 


SL3 SL2 SL1 SLO CSYNC TSC 

SL3 SL2 SL1 SLO LPSTB TSC 

VBLANK CSYNC SLG SLD LPSTB TSC 


1 


NOT PERMITTED 



Table 5: Pin configuration for Single Row Buffer and Repetitive 
Memory Addressing Modes. 



DMA CONTROL REGISTER (RA) 

This 8 bit write only register allows the user to set up a DMA 
burst count and delay as well as disable the DMA mecha- 
nism of the CRT 9007. The register bits have the following 
definition: 

Bit 7 (DMA Disable) 

A logic one will immediately force the CRT 9007 DMA request 
to the inactive level and the CRT 9007 address bus (VA13- 
VA0) will enter its high impedance state. After enabling the 
DMA mechanism by setting this bit to a logic zero, a start 
command must be issued (see START COMMAND, R15). 

Bits 6, 5, 4 (DMA Burst Delay) 

These 3 bits define the number of clock delays (CCLK) 
between successive DMAR-ACK sequences. Bit 6 is the 
most and bit 4 is the least significant bit respectively. When 
programmed with a number N, the CRT 9007 will delay for 
4 (N + 1 ) clock cycles before initiating another DMA request. 
If 1 1 1 is programmed, however, this will result in a zero delay 
allowing all characters to be retrieved from video RAM in 
one DMA burst regardless of the value programmed for the 
DMA burst count. 

Bits 3, 2, 1 , (DMA Burst Count) 



These 4 bits define the number of DMA operations in one 
DMAR-ACK sequence. Bit 3 is the most and bit is the least 
significant bit respectively. When programmed with a num- 
ber N, the CRT 9007 will produce 4 (N + 1 ) DMA cycles before 
relinquishing the bus. When programmed with 0000, the 
minimum DMA Burst will occur (4x1=4) and when pro- 
grammed with 1111 the maximum DMA Burst will occur 
(4x 16 = 64). When bits 6, 5, and 4 are programmed with 
1 1 1 , no DMA delay will occur and the Burst count will equal 
the number of programmed characters per data row as 
specified in R1 . Refer to figures 9 and 1 5 which illustrate a 
DMA burst of 1 6 and a DMA delay of 8 for double row buffer 
and attribute assemble modes respectively. For single row 
buffer operation, no DMA delay is permitted and bits 6, 5, 4 
must be programmed with 000. 

CONTROL REGISTER (RB) 

This 7 bit write only register controls certain frame opera- 
tions as well as specifying the operation mode used. Inter- 
nal to the CRT 9007, this register is double buffered. Changes 
in the register are reflected into the CRT 9007 at a particular 
time during vertical retrace. This allows the user to update 
the CONTROL REGISTER at any time without running the 
risk of destroying the frame or field currently being painted. 
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The bits take on the following definition: 

Bit 6 (PB/SS) 

= 0; The smooth scroll mechanism is enabled per- 
mitting the SMOOTH SCROLL OFFSET REGIS- 
TER (R17) to be loaded in the scan line counter (SL3- 
or SLG, SLD signals) allowing for a scroll on the 
screen of a predetermined number of scan lines per 
frame or field. The starting and ending of the smooth 
scroll operation is defined by the DATA ROW START 
REGISTER (R11) and DATA ROW END REGIS- 
TER (R12) respectively. 

= 1 ; The page blank mechanism is enabled. The 
CBLANK signal is made active high for a continu- 
ous period of time starting and ending at the data 
row defined by the DATA ROW START REGISTER 
(R11) and DATA ROW END REGISTER (R12) 
respectively. 

Bits 5, 4 (Interlace) — these 2 bits define one of 3 displayed 
modes as illustrated in figure 21 

= 00; Non interlaced display 

= 10; Enhanced video interlace. This display mode will 
produce an interlaced frame with the same dot 
information painted in adjacent odd/even scan lines. 

= 11; Normal video interlace. This display mode will 
produce an interlaced frame with odd scan lines of 
characters displayed in odd fields and even scan 
lines displayed in even fields. This mode can be used 
to allow the screen to show twice as many data rows 
at half the height since it effectively doubles the 
character density on the screen. 

= 01 ; This combination is not permitted. 

Bits 3, 2, 1 (Operation modes) : These 3 bits define the var- 
ious buffer configuration modes as follows: 

= 000; (Repetitive memory addressing) — In this mode 
the address information (VA13-VA0) appears dur- 
ing every visible scan line and the address bus enters 
its high impedance state during all retrace intervals. 
When using a row driven addressing mode (linked 
list or contiguous), the address bus is in the high 
impedance state for all retrace intervals except the 
horizontal retrace interval prior to the top scan line 
of a new data row. This period can be distinguished 
from other retrace intervals because the DRB (data 
row boundary) signal is active. 

= 001; (Double row buffer)— In this mode, the CRT 
9007 will address a particular data row from video 
memory one data row prior to the time when it is 
displayed on the CRT. During vertical retrace, the 
first data row is retrieved and loaded into the double 
row buffer. At the next data row boundary (in this 
case at the end of vertical retrace), the first data row 
feeds the character generator while the second data 



row is retrieved from video memory. The address 
bus will enter its high impedance state in accord- 
ance with the DMA mechanism for address bus 
arbitration. 
= 100; (Single row buffer) — In this mode, during the 
first scan line of each data row, the CRT 9007 will 
address video memory, load the buffer and feed the 
character generator at the painting rate of the CRT. 
If the CRT 9007 is used in a row driven addressing 
mode, it will drive the address bus during the retrace 
period prior to the first scan line of each data row in 
order to retrieve the row table address. It will auto- 
matically enter the high impedance state at the end 
of the first visible scan line of each data row. If the 
CRT 9007 is used in a sequential addressing mode, 
it will drive the address bus only during the visible 
line time of the first scan line of each data row. 

= 111; (Attribute assemble) — In the attribute assem- 
ble mode, character data and attribute data are 
shared in consecutive alternating byte locations in 
memory. When the CRT 9007 reads an attribute byte, 
it loads it into its internal attribute latch. During the 
next memory access, a character byte is fetched. 
At this time the CRT 9007 isolates its bus from the 
main system bus and outputs the previously latched 
attribute. A WBEN signal is produced during every 
character byte fetch to allow the character and its 
associated attribute to be simultaneously latched into 
two double row buffers. This mode assumes that 
there exists twice as many byte locations as there 
are displayable character positions on the CRT. The 
first byte of every data row is assumed to be an 
attribute. 

All other combinations of the CONTROL REGIS- 
TER bits 3, 2, 1 are not permitted. 

Bit (2XC/1 XC): This bit allows for either single or double 
height cursor display when the cursor is placed within a 
double height data row as follows: 

= 1 ; (Single height cursor) — The CURS signal will 
appear during every scan line for single height data 
rows and will appear only during the top half or bot- 
tom half of a double height data row depending upon 
where the VERTICAL CURSOR REGISTER (R18, 
R38) defines the CURSOR data row. 

= 0; (Double height cursor)— If the VERTICAL CUR- 
SOR REGISTER (R18, R38) places the cursor in 
the top half of a double height data row, the CURS 
signal will appear during every scan line of the top 
half (the current data row) and the bottom half (the 
next data row) of the double height data row. If the 
cursor is placed in the bottom half of a double height 
data row or if it is placed in a single height data row, 
the CURS signal will only appear during the one 
particular data row. 
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TABLE START REGISTER (RC AND RD) 

This 16 bit write only register contains a 14 bit address which 
is used in a variety of ways depending on the addressing 
mode chosen; the 2 remaining bits define the addressing 
mode. Register C contains the lower 8 bits of the 14 bit 
address. The 6 least significant bits of register D contain 
the upper 6 bits of the 1 4 bit address. The 2 most significant 
bits of register D define four addressing modes as follows: 

Register D bits 7, 6: 

= 00; (Sequential addressing mode)— The CRT 9007 
will address video memory in a sequential fashion 
starting with the 14 bit address contained in REG- 
ISTER D bits 5-0 and REGISTER C bits 7-0. One 
break is allowed in the sequential addressing scheme 
as defined by SEQUENTIAL BREAK REGISTER 1 
(R10) and AUXILIARY ADDRESS REGISTER 1 (RE 
and RF). 

= 01; (Sequential roll addressing mode) — The CRT 
9007 will address video memory in a sequential 
fashion starting with the 1 4 bit address contained in 
REGISTER D bits 5-0 and REGISTER C bits 7-0. 
SEQUENTIAL BREAK REGISTER 1 and AUXIL- 
IARY ADDRESS REGISTER 1 can be used to cause 
one sequential break as described in the sequential 
addressing mode. A second break in the sequential 
addressing can be defined by SEQUENTIAL BREAK 
REGISTER 2 (R12) and AUXILIARY ADDRESS 
REGISTER 2 (R13 and R14) permitting up to 3 sep- 
arate sequentially addressed screens to be painted. 

= 10; (Contiguous row table mode)— The CRT 9007 
will address video memory according to the contig- 
uous row table format. The 14 address bits con- 
tained in REGISTER D bits 5-0 and REGISTER C 
bits 7-0 define an address that points to the begin- 
ning of the contiguous row table. 

= 11; (Linked list row table mode)— The CRT 9007 will 
address video memory according to the linked list 
row table format. The 14 address bits contained in 
REGISTER D bits 5-0 and REGISTER C bits 7-0 
define the address at which the second row table 
entry and the first data row reside. 



AUXILIARY ADDRESS REGISTER 1 (RE and RF) 

This 1 6 bit write only register contains a 1 4 bit address. The 
6 least significant bits of REGISTER F contain the upper 
order 6 bits of the 1 4 bit address and REG ISTER E contains 
the 8 lower order bits of the 14 bit address. When the cur- 
rent data row equals the value programmed in SEQUEN- 
TIAL BREAK REGISTER 1 (R10) the remainder of the screen 
is addressed sequentially starting at the 14 bit address 
specified in this register. This sequential break overrides 
any row driven addressing mode used prior to the sequen- 
tial break. 

The 2 most significant bits of REGISTER F allow one to 
attach double height and/or double width characteristics to 
every data row in this sequentially addressed area in the 
following way: 

For Double row buffer or attribute assemble mode REG- 
ISTER F Bits 7, 6 

= 00; single height single width 

= 01; single height double width 

= 10; even data rows are double height double width 
top half odd data rows are double height double 
width bottom half 

= 11; odd data rows are double height double width 
top half even data rows are double height dou- 
ble width bottom half 



For Single row buffer or repetitive memory addressing mode 
REGISTER F Bits 7, 6 

= 00; single height single width 

= 01; single height double width 

= 10; odd data rows are double height double width 
top half even data rows are double height dou- 
ble width bottom half 

= 11; even data rows are double height double width 
top half 

odd data rows are double height double width 
bottom half 



SEQUENTIAL BREAK REGISTER 1 (R10) 

This 8 bit write only register defines the data row number in 
which a new sequential video address begins as specified 
by AUXILIARY ADDRESS REGISTER 1 (RE and RF). To 
disable the use of this break, the register should be loaded 
with a data row count greater than the number of display- 
able data rows on the screen. 

DATA ROW START REGISTER (R11) 

This 8 bit write only register defines the first data row num- 
ber at which a page blank or smooth scroll operation will 
begin. Bit 6 of the CONTROL REGISTER determines if a 
page blank or smooth scroll operation will occur. 

DATA ROW END/SEQUENTIAL BREAK 
REGISTER 2 (R12) 

This 8 bit write only register has a dual function depending 
on the addressing mode used. For row driven addressing 
(contiguous or linked list as specified by the 2 most signifi- 
cant bits of the TABLE START REGISTER) this register 



defines the data row number which ends either a page blank 
or smooth scroll operation. The row numerically one less 
than the row defined by this register is the last data row on 
which the page blank or smooth scroll will occur. To use the 
page blank feature to blank a portion of the screen that 
includes the last displayed data row, this register must be 
programmed to zero. For sequential addressing, this reg- 
ister can cause a break in the sequential addressing at the 
data row number specified and a new sequential address- 
ing sequence begins at the address contained in AUXIL- 
IARY ADDRESS REGISTER 2. 

AUXILIARY ADDRESS REGISTER 2 (R13 and R14) 

This 1 6 bit write only register contains a 1 4 bit address. The 
6 least significant bits of REGISTER 14 contain the upper 
order 6 bits of the 14 bit address and REGISTER 13 con- 
tains the 8 lower order bits of the 14 bit address. In the row 
driven addressing mode, this register is automatically loaded 
by the CRT 9007 with the current table address. The two 
most significant bits of REGISTER 14 specify one of four 
combinations of row attributes (for example double height 
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double width) on a row by row basis. Refer to the section 
entitled Double Height/Double Width operation for the 
meaning of these 2 bits. In the sequential addressing mode, 
this register can be loaded by the processor with a 14 bit 
address and a 2 bit row attributes field. The bit positions are 
identical for the row driven addressing mode. When the 
current data row equals the value programmed in DATA ROW 
END/SEQUENTIAL BREAK REGISTER 2 (R12), the 
remainder of the screen is addressed sequentially starting 
at the location specified by the programmed 14 bit address. 
The 2 most significant bits of register 14 allow one to attach 
double height and or double width characteristics to every 
data row in this sequentially addressed area. The bit defi- 
nitions take on the same meaning as the 2 most significant 
bits of AUXILIARY ADDRESS REGISTER 1 and affect the 
display in an identical manner. 

START COMMAND (R15) 

After all vital screen parameters are loaded, a START com- 
mand can be initiated by addressing this dummy register 
location within the CRT 9007. A START command must be 
issued after the DMA mechanism is enabled (DMA CON- 
TROL REGISTER bit 7). 

RESET COMMAND (R16) 

The CRT 9007 can be reset via so ftwar e by addressing this 
dummy location. Activation of the RST input pin or initiating 
this software command will effect the CRT 9007 in an iden- 
tical manner. The reset state of the CRT 9007 is defined as 
follows: 

CRT 9007 outputs Reset state 



VA13-0 


High impedance 


VD7-0 


High impedance 


HS 


High 


VS 


High 


CBLANK 


High 


CUS 


Low 


VLT 


Low 


DRB 


High 


INT 


Low 


Pin 28 


Low 


Pin 29 


Low 


Pin 30 


Low 


Pin 31 


Low 


Pin 32 


Low 



SMOOTH SCROLL OFFSET REGISTER (R17) 

This register is loaded with the scan line offset number to 
allow a smooth scroll operation to occur. The offset register 
causes the scan line counter output of the CRT 9007 to start 
at the programmed value rather than zero for the data row 
that starts the smooth scroll interval. The start is specified 
in the DATA ROW START REGISTER (R1 1). Typically, this 
register is updated every frame and it ranges from zero (no 
offset) to a maximum of the programmed scan lines per data 
row (maximum offset). For example, if 12 scan lines per data 
row are programmed (scan line to scan line 1 1) an offset 
of zero will cause an unscrolled display. An offset of one will 
cause a display starting at scan line 1 and ending at scan 
line 1 1 (eleven scan lines total). An offset of eleven will cause 
a display starting at scan line eleven. 

The next scan line will be zero, starting the subsequent data 
row. To allow smooth scroll of double height rows, the pro- 
grammed range of the register is from zero to twice the pro- 
grammed scan lines per data row. Whenever the offset 
register if greater than the programmed scan lines per data 
row, bit 7 of the register must be set to a logic 1 (offset over- 
flow). It must be set to a logic zero at all other times. The 6 
bit offset value occupies bits 6 through 1 . Bit must always 
be programmed with a logic zero. By setting the offset over- 
flow (bit 7) to a logic 1 , it is possible to have the bottom half 



of a double height data row stand alone in Single Row Buffer 
Mode by programming the scrolled data row as double height 
top half and loading R1 7 with the proper value. 

VERTICAL CURSOR REGISTER (R18 or R38) 

This 8 bit read/write register specifies the data row in which 
the cursor appears. To write into this register it is addressed 
as R1 8 and to read from this register it is addressed as R38. 

HORIZONTAL CURSOR REGISTER (R19 or R39) 

This 8 bit read/write register specifies the character posi- 
tion in which the cursor appears. To write into this register 
it is addressed as R19 and to read from this register it is 
addressed as R39. 

It should be noted that the vertical and horizontal cursor is 
programmed in an X-Y format with respect to the screen 
and not dependant upon a particular location in video 
memory. The cursor will remain stationary during all scroll 
operations. 

INTERRUPT ENABLE REGISTER (R1A) 

This 3 bit write only register allows each of the three CRT 
9007 interrupt conditions to be individually enabled or dis- 
abled according to the following definition: 

Bit 6 (Vertical retrace interrupt) — This bit, when set to a logic 
one, will cause the CRT 9007 to activate the INT signal when 
a vertical retrace (i.e., the start of the vertical blanking interval) 
begins. 

Bit 5 (Light pen interrupt) — This bit, when set to a logic one, 
will cause the CRT 9007 to activate the INT signal when the 
LIGHT PEN REGISTER (R3B, R3C) captures an X-Y coor- 
dinate. This interrupt, which occurs at the beginning of vertical 
retrace, reflects the occurrence of a LPSTB input on the 
frame or field just painted. This interrupt need not be ena- 
bled when other CRT 9007 interrupt conditions are enabled 
since the STATUS REGISTER (R3A) will flag the occur- 
ance of a light pen update and servicing can be done off of 
other interrupts. 

Bit (Frame timer) — This bit, when set to a logic one, allows 
the CRT 9007 to activate the INT signal once every frame 
or field at a time when a potential smooth scroll update may 
occur. In this way the user can use the frame timer interrupt 
as both a real time clock and can service smooth scroll 
updates and other frame oriented operations by using the 
appropriate status bits. This interrupt will occur after the last 
row table entry is read by the CRT 9007. In single row buffer 
operation, this will occur one data row before the start of 
vertical retrace. In double row buffer operation, this will occur 
two data rows before the start of vertical retrace. 

STATUS REGISTER (R3A) 

This 5 bit register flags the various conditions that can 
potentially cause an interrupt regardless of whether the 
corresponding condition is enabled for interrupt. In this way 
some or all of the conditions can be reported to the proces- 
sor via the STATUS REGISTER. If some of the conditions 
are enabled for interrupt, the processor, in response to an 
interrupt, simply has to read the STATUS REGISTER to 
determine the cause of the interrupt. The bit definition of the 
STATUS REGISTER is as follows: 

Bit 7 (Interrupt Pending) — This bit will set when any other 
status bit, having its corresponding interrupt enabled, 
experiences a to 1 transition. In this manner, when the 
processor services a potential CRT 9007 interrupt, it only 
has to test the interrupt pending bit to determine if the CRT 
9007 caused the interrupt. If it did, the individual bits can 
then be tested to determine the details of the CRT 9007 
interrupt. Any noninterruptable status change (corre- 
sponding interrupt enable bit reset to a logic 0) will not be 
reflected in the interrupt pending bit and must be polled by 
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the processor in order to provide service. The interrupt 
pending bit is reset when the status register is read. All other 
bits except Light Pen Update are reset to a logic at the 
end of the vertical retrace interval. The light pen update bit 
is reset to a logic when the HORIZONTAL LIGHT PEN 
REGISTER is read. 

Bit 6 (Vertical Retrace) — A logic 1 indicates that a vertical 
retrace interval has begun. 

Bit 5 (Light Pen Update) — A logic 1 indicates that a new 
coordinate has been strobed into the LIGHT PEN REGIS- 
TER. It is reset to a logic zero when the HORIZONTAL LIGHT 
PEN REGISTER is read. The light pen coordinates may have 
to be modified via software depending on light pen char- 
acteristics. 

Bit 2 (odd/even) — For a normal video interlaced display, this 
bit is a logic 1 when the field about be painted is an odd field 
and is a logic zero when the field about be painted is an 
even field. 



Bit (Frame timer occurred) — This bit becomes a logic 1 
either one or two data rows before the start of vertical retrace. 
Since this bit is set when the CRT has finished reading the 
row table for the frame or field just painted, it permits row 
table manipulation to start at the earliest possible time. 

VERTICAL LIGHT PEN REGISTER (R3B) 

This 8 bit read only register contains the vertical coordinate 
captured at the time the CRT 9007 received a light pen strobe 
signal (LPSTB). 

HORIZONTAL LIGHT PEN REGISTER (R3C) 

This 8 bit read only register contains the horizontal coordi- 
nate captured at the time the CRT 9007 received a light pen 
strobe signal. When a coordinate is captured, the appro- 
priate status bit is set and further transitions on LPSTB are 
ignored until this register is read. The reading of this reg- 
ister will reset the light pen status bit in the STATUS REG- 
ISTER. The captured coordinate may have to be modified 
in software to allow for light pen response. 
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FIGURE 3: TYPICAL SYNC WAVEFORMS FOR INTERLACED AND NON-INTERLACED MODES 
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FIGURE 4: SERIAL SCAN LINE TIMING: NON INTERLACE 
OR SINGLE WIDTH CHARACTERS 
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FIGURE 5: SERIAL SCAN LINE TIMING: INTERLACE, 

DOUBLE HEIGHT OR DOUBLE WIDTH 

CHARACTERS 



223 



MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range 0°to +70°C 

Storage Temperature Range -55°Cto + 150°C 

Lead Temperature (soldering, 10 sec.) + 325°C 

Positive Voltage on any Pin, with respect to ground +15V 

Negative Voltage on any Pin, with respect to ground - 0.3V 

'Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operation of 
the device at these or at any other condition above those indicated in the operational sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maximum Ratings 
not be exceeded or device failure can result. Some power supplies exhibit voltage spikes or "glitches" on their outputs when the 
AC power is switched on and off. In addition, voltage transients on the AC power line may appear on the DC output. If this possibility 
exists it is suggested that a clamp circuit be used. 

DC ELECTRICAL CHARACTERISTICS T A = 0°C to + 70°C, V cc = 5.0V ± 5% 



PARAMETER 


MIN 


TYP 


MAX 


UNITS 


COMMENTS 


v IL 

V,H, 
V IH2 


Input voltage 
Low 
High 
High 


2.0 
4.3 




0.8 


V 
V 
V 


all inputs except CCLK 
CCLK input 


Vol 

VoH 


Output voltage 
Low 
High 


2.4 




0.4 


V 
V 


l 0L = 1.6 mA 
I oh = 40llA 


II, 

IL2 


Input leakage current 






10 
50 


LlA 
LlA 


0=sV IN =s V cc ; excluding CCLK 
0=sV IN =£V cc ; for CCLK 


C|N1 
C|N2 


Input capacitance 




10 
25 




pF 
PF 


all inputs except CCLK 
CCLK input 


Ice 


Power supply current 




100 




mA 





AC ELECTRICAL CHARACTERISTICS 3 T A = 0°C to + 70°C, V cc = 5.0V ± 5% 



PARAMETER 


MIN 


TYP 


MAX 


UNITS 


COMMENTS 




Clock 












tcY 


clock period 


250 






ns 






clock low 


90 






ns 






clock high 


130 






ns 




tcKR 


clock rise time 






10 


ns 


measured from 1 0% to 90% 

points 

measured from 90% to 10% 


tcKF 


clock fall time 






10 


ns 














points 
















Output delay 1 












tm 








125 


ns 












125 


ns 












150 


ns 












150 


ns 




tvA 








100 


ns 


measured to the 2.3V or 0.5V 
level on VA13-VA0 


tDSL 








500 


ns 




t D 5 








185 


ns 












185 


ns 












185 


ns 




tvDS 




50 






ns 


valid for loading auxiliary 
address register 2 or the 
attribute latch 


Wdh 











ns 




tvDO 








185 


ns 


c L = 50pF 


UlG 








185 


ns 




tsLD 








185 


ns 






Processor Read/write 2 












t A s 




110 






ns 




Iah 











ns 




tpw 




165 






ns 




tpDS 




100 






ns 




tpDH 











ns 




tpDA 








140 


ns 




tpDH 




10 




50 


ns 




t|RR 








400 


ns 






Miscellaneous timing 












'ats 








125 


ns 


measured from the 0.4V level 
of ACK or TSC falling edge 


tRW 








4t CY 


ns 


measured from the 0.4V level 
falling edge to 0.4V level 
rising edge 



NOTE: 

1 . Timing measured from the 1 .5V level of the rising edge of CCLK to the 2.4V 
(high) or 0.4V (low) voltage level of the output unless otherwise noted. 

2. Reference points are 2.4V high and 0.4V low. 

3. Loading on all outputs is 30 pF except where noted. 
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FIGURE 22: CRT 9007 TIMING PARAMETERS: OUTPUT SIGNALS 
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FIGURE 2: CRT 9007 PROCESSOR READ AND WRITE 
TIMING PARAMETERS 



HIGH IMPEDANCE 
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» t«s is controlled directly from ACK or TSC or from the particular CCLK that ends a DMA 
burst cycle. 



FIGURE 23: CRT 9007 MISCELLANEOUS 
TIMING PARAMETERS 



225 



Register Type 

WRITE 

WRITE 

WRITE 

WRITE 

WRITE 

WRITE 

WRITE 

WRITE 
WRITE 
WRITE 

Register Type 
WRITE 

WRITE 

WRITE 
WRITE 

WRITE 
WRITE 

WRITE 
WRITE 
WRITE 
WRITE 
WRITE 

Register Type 
READ OR 
WRITE 
READ OR 
WRITE 

WRITE 

WRITE 
READ 
WRITE 
READ 

WRITE 

READ 

READ 
READ 


VA5 


ADDRESS DECODE BIT DEFINITION 
VA4 VA3 VA2 VA1 VA0 D7 D6 D5 D4 D3 D2 D1 DO 


REGISTER 

NUMBER 

(HEX) 

R0 
R1 
R2 
R3 
R4 
R5 
R6 

R7 
R8 
R9 

REGISTER 

NUMBER 

(HEX) 

RA 

RB 

RC 
RD 

RE 
RF 

R10 
R11 
R12 
R13 
R14 

REGISTER 

NUMBER 

(HEX) 

R15 
R16 

R17 

R18orR19 
R19orR39 

R1A 

R3A 

R3B 
R3C 




















1 I 1 1 1 

MSB CHARACTERS PER HORIZONTAL PERIOD LSB 

















1 


1 1 1 1 1 1 1 
MSB CHARACTERS PER DATA ROW LSB 














1 





I 1 1 1 1 1 I 
MQn HORIZONTAL DELAY . _„ 














1 


1 


1 1 1 1 1 1 ! 
,.-„ ' ' HORIZONTAL SYNC WIDTH 1 ' . „„ 











1 








1 1 1 1 1 1 1 
MSb! [ VERTICAL SYNC WIDTH | LSB 











1 





1 


MSB 


VERTICAL DELAY ... 
II • ' 











1 


1 





PIN CONFIG- 
URATION 


1 1 

CURSOR SKEW 

MSB , LSB 


1 1 
BLANK SKEW 
MSB LSB 











1 


■1 


1 


MSB . 


II l| 
VISIBLE DATA ROWS PER FRAME , sg 








1 











SCAN LINES/FRAME 
(B10))! (B8) 


' SCAN LINES PEb DATA ROW 
MSB . , , LSB 








1 








1 


(B7) , | SCAN LINES PER FRAME | _ LSB (BQ) 


VA5 


Table 3a: CRT 9007 Screen Format Registers 

ADDRESS DECODE BIT DEFINITION 
VA4 VA3 VA2 VA1 VAO D7 D6 D5 D4 D3 D2 D1 DO 








1 





1 





DMA 
DIS- 
ABLE 


1 1 

DMA BURST DELAY 

MSBA , LSB 


1 1 ' 
DMA BURST COUNT 
MSB , , LSB 













1 


1 


X 


PB/S5 


INTERLACE 
MODES 


1 1 
OPERATION MODES 


2XC71XC 










1 








MSB , 




TABLE START REGISTER (LS BYTE) 


LSB 










1 





1 


ADDRESS 
MODE 


TABLE STRT REGISTER (MS BYTE) 
MSB , , , , , LSB 










1 


1 





MSB AUXILIARY ADDRESS REGISTER 1 (LS BYTE) LSB 










1 


1 


1 


ROW 
ATTRIBUTES 


I 1 1 1 1 
AUXILIARY ADDRESS REGISTER 1 (MS BYTE) 

MSB . LSB 



















MSB 


SEQUENTIAL BREAK REGISTER 1 , cn 
l 1 , LSB 
















1 


,, cn DATA ROW START REGISTER . cn 
MSB | .LSB 













1 





MSB DATA ROW END/SEQUENTIAL BREAK REGISTER 2 LSB 













1 


1 


MSB AUXILIARY ADDRESS REGISTER 2 (LS BYTE) lsg 










1 








ROW 
ATTRIBUTES 

1 


AUXILIARY ADDRESS REGISTER 2 (MS BYTE) 
MSB , , , | | LSB 


VA5 


Table 3b: Control and Memory Address Registers 

ADDRESS DECODE BIT DEFINITION 
VA4 VA3 VA2 VA1 VAO D7 D6 D5 D4 D3 D2 D1 DO 





1 





1 





1 


START COMMAND 





1 





1 


1 





RESET COMMAND 





1 





1 


1 


1 


OFFSET 
OVER- 
FLOW 


1 1 1 | 1 

OFFSET VALUE 
MSB LSB 








1 


1 

















1 


1 


1 











MSB -.—-—"—... ..v.— --— , LSB 





1 


1 








1 




1 


1 


1 








1 


MSB , i ■ i . , i 


LSB 





1 


1 





1 





X 


VER- 
TICAL 

RE- 
TRACE 


INI 

LIGHT 
PEN 


1 1 1 
ERRUPT ENABLE REGISTER 

X X , X , X 


FRAME 
TIMER 


1 


1 


1 





1 





INT 
PEND- 
ING 


VER- 
TICAL 

RE- 
TRACE 


LIGHT 
PEN 


1 1 1 

STATUS REGISTER 

1 ODD/ 1 
EVEN X 


FRAME 
TIMER 


1 


1 


1 





1 


1 


MSB 


VERTICAL LIC 


HT PEN REGISTER (ROW COORD.) LSB 


1 


1 


1 


1 








,, cn ' HORIZONTAL LIGHT PEN REGISTER (COL. COORD.) . OQ 
M&B | | , il i p L =>° 




Table 3c: Cursor, Light Pen, Offset, and Status Registers 
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STANDARD MICROSYSTEMS 



CORPORATION^ 



'it 



CRT 96364 A 
CRT 96364 B 

/APC FAMILY 



CRT Controller 



FEATURES 

□ Single +5vpowersupply 

□ 16 line x 64 character display 

□ On chip sync oscillator 

□ Complete cursor control 

□ Automatic scrolling 

□ Erase functions built in 

□ Performs character entry during horizontal sync 

□ Internal blinking cursor 

□ Page linking logic built in 

□ LS-TTL compatible 

□ Compatible with CRT 8002, CRT 7004 



GENERAL DESCRIPTION 

The CRT 96364 A/B is a CRT Controller which 
controls all of the functions associated with a 
16 line x 64 character video display. Functions 
include CRT refresh, character entry, and cursor 
management. 

The CRT 96364A/B contains an internal oscillator 
which produces the composite sync output. The 
CRT 96364 B generates a 60 Hz vertical sync while 
the CRT 96364 A generates a 50 Hz vertical sync. 



PIN CONFIGURATION 









xo 1 rz 


KJ 


ZJ 28 V cc 


xi 2 rz 




Z] 27 EOP 


PS 3 c 




Zl 26 CSYN 


A9 4 rz 




ZJ 25 C2 


A8 5 rz 

A7 6 rz 




ZJ 24 C1 
Zl 23 C0 




A6 7 rz 




Zl 22 A4 


A5 8Q 




■^2 21 A3 


DCC 9 tZ 

dce 10 rz 




Z] 20 A2 
ZJ 19 A1 




ro 11 rz 




^] 18 A0 


ri 12 rz 




Z] 17 W 


R2 13 rz 




Zl 16 DS 


GND 14 rZ 




Zl 15 CRV 


PACKAGE: 28-Pin 


D.I.P. 



Standard functions such as ERASE PAGE, ERASE 
LINE, and ERASE TO END OF LINE make the CRT 
96364A/B easy to interface to any computer or 
microprocessor, or to use as a stand-alone 
video processor. 

The CRT 96364 A/B requires only +5v power at 
less than 100 mA. It is manufactured in COPLAMOS® 
N channel silicon gate technology. 
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C=^ 



rr 
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JE 



CHARACTER 
ENTRY 
LOGIC 



■*-— (ii)c 
— H0v 



2 0-*- 
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DESCRIPTION OF PIN FUNCTIONS 



PIN NO. 


NAME 


SYMBOL 


FUNCTION 


1 
2 


Crystal in 
Crystal out 


X0 
X1 


Pin one is the sync clock input. It may be driven directly from aTTL 
gate or from a parallel mode crystal connected between pins one 
and two. When a crystal is used, a 10 MS2 resistor should be 
connected in parallel. For standard 60 Hz line operation, a 1.018 MHz 
frequency source or crystal is required (with the CRT 96364 B). For 
50 Hz line operation, the CRT 96364 A requires a 1 .008 MHz crystal. 


3 


Page Select 


PS 


PS provides automatic page selection when two pages of memory 
are used. A "zero" output indicates selection of page 1 ; a logic "one" 
indicates page 2. 


4-8 


Memory 
Address 


A9-A5 


Upper order memory address lines; A6-A9 determine which lines of 
text are being refreshed or written. A5 along with A0-A4 determine 
the character position. 


9 


Character 
Clock 


DCC 


Character clock input. Addresses are changed on the trailing edge 
of DCC. 


10 


Dot Clock 
Enable 


DCE 


A logic zero from DCE is used to inhibit oscillation of the dot clock 
for retrace blanking. 


11-13 


Row Address 


R0-R2 


Character Generator row addresses. Blanks are generated by forcing 
R0-R2 to "000". During character entry, R2 gates data into memory 
to control the erase function. Row addressing follows the sequence 
0-1-2-3-4-5-6-7-0-0-0-O-increment text line-0-1-2-etc. 


14 


Ground 


GND 


Ground 


15 


Cursor 


CRV 


Cursor video output. Indicates cursor location by a 2 Hz 
blinking underline. 


16 


Data Strobe 


DS 


The rising edge of DS strobes the appropriate C0-C2 control word 
into the CRT 96364 A/B. 


17 


Write 


W 


A positive going signal which indicates that the CRT 96364A/B is 
allowing a memory write. W is approximately 4 fjs, and occurs 
during H sync. Memory address lines are latched at the cursor 
address during W. 


18-22 


Memory 
Address 


A0-A4 


Lower order memory addresses. A0-A4 plus A5 (pin 8) determine the 
character position. 


23-25 


Command 
Inputs 


C0-C2 


Command inputs are strobed into the CRT 96364 A/B by DS. Functions 
are as follows: 

Function C 2 C, C 
Page erase and cursor home (top-left) 
Erase to end of line and return cursor (to left) 1 
Linefeed (cursor down) 10 
No operation* 11 
Cursor left (one position) 10 
Erasure of cursor-line 1 1 
Cursor up (one position) 110 
Normal character. Write signal is generated 111 
and cursor position is incremented 

* In order to suppress non-displayed characters 


26 


Composite 
Sync 


CSYN 


Positive logic composite sync output. Horizontal sync is generated 
during VSYNC and VSYNC time. A vertical sync output may be 
generated by logically "ANDing" CSYN and DCE. 


27 


End of Page 


EOP 


This output is used to increment an external page counter when 
using more than one page of memory. 


28 


Power Supply 


Vcc 


+ 5 volt supply. 
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OPERATION 



The CRT 96364A/B provides all of the control 
functions required by a CRT display with a 
minimum of external circuitry. 
The cursor and erase commands may be de- 
coded from the data bus by a low cost 256 x 4 
PROM. The CRT 96364A/B then provides the 
necessary cursor movement and gates the 
memory for writing or erasing. Erase is con- 
trolled by providing a write signal to RAM, and 



gating "zeros" to the RAM input bus. Use of an 
external PROM allows user selection of con- 
trol words. 

The RAM write command, "W", is generated 
during horizontal retrace. At this time, the RAM 
address is set to the cursor address. Immedi- 
ately following the write command, the RAM 
addresses revert to refresh addressing and 
the cursor is shifted one character. 



CURSOR 



The cursor location is indicated by an alter- 
nating high on pin 15 (CRV) at row 7, and a low 
on pin 15 with R0-R2 forced low at rows 0-6. 
These alternate at a 2 Hz rate. If CRV is used to 



force the display on, the result will be a blink 
of the cursor character position alternating with 
an underline at a 2 Hz rate. 



CHARACTER ENTRY 



When a Normal Character code (C2, C1 , C0 = 1 , 
1,1) and a Data Strobe are received, the write 
command will be generated during horizontal 
retrace. If, at the end of the horizontal retrace, 
the cursor is at the last position on a line, a car- 



riage return and line feed will automatically 
occur. When the cursor is at the last position 
of the last line, a carriage return and up-scroll 
will automatically occur. 



EXTRA FUNCTIONS 



By using the fourth bit of the decoder PROM as 
a write enable signal, and properly program- 
ming the PROM, the additional commands of 
Home Cursor, Return Cursor, and Roll Screen 
may be generated. This is done by inhibiting tne 



W signal to the page memory and inputting the 
control codes, respectively, of Page Erase and 
Home Cursor, Erase to end of line and Return 
Cursor, and Line Feed. 



SCROLLING 



Scrolling of the screen text will occur under 
any of the following characteristics: 

1. Inputting a line feed command when the 
cursor is at the bottom line of the screen. 

2. Inputting a character when the cursor is 
at the bottom right hand side of the screen. 

Scrolling will result in the entire top line of the 



screen being erased and all of the remaining 
lines shifting up. Alternatively, a Roll (defined 
as all of the lines shifting up with the previ- 
ous top line reappearing at the bottom of the 
screen) may be performed by inhibiting the 
write signal to the page memory as described 
in "Extra Functions." 
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MAXIMUM GUARANTEED RATINGS 

Operating Temperature Range 0°C to + 70°C 

Storage Temperature Range - 55°C to + 1 50°C 

Lead Temperature (soldering, 10 sec.) + 325°C 

Positive Voltage on any Pin, with respect to ground + 7.0V 

Negative Voltage on any Pin, with respect to ground -0.3V 

Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or at any other condition above those indicated in the 
operational sections of this specification is not implied. 

ELECTRICAL CHARACTERISTICS (Ta-O "C to 70'C, Vcc= ^5V±5°o. unless otherwise noted 



Parameter 



D.C. CHARACTERISTICS 

INPUT VOLTAGE LEVELS (except DCC) 

Low-level, V, L 
High-level, V| H 

INPUT VOLTAGE LEVELS-DCC 

Low-level, V, L 
High-level, V, H 

OUTPUT VOLTAGE LEVELS (DCE Only) 
Low-level, V OL 
High-level, V 0H 

OUTPUT VOLTAGE LEVELS (except DCE) 
Low-level, Vol 
High-level, Voh 

INPUT CURRENT 
Low-level, In 

INPUT CAPACITANCE 
All inputs, On (except DCE) 
C IN (DCC Only) 

POWER SUPPLY CURRENT 
Ice 



Min. 



2.2 
3.5 
2.2 
2.2 



Typ. 



5 
25 

100 



Max. 



0.65 
0.65 

0.4 
0.4 
10 

120 



Unit 



PF 
pF 

mA 



Comments 




excluding DCC 
excluding DCC 



l 0L = 1.9 mA 
l 0H = -100M 

l 0L = 0.36 mA 
I h = — 100 mA 

0^V IN ^+5V 

V IN = GND 
V IN = GND 



AC CHARACTERISTICS 



PARAMETERS 


SYMBOL 


VALUES 


UNIT 


MIN. 


TYP. 


MAX. 


Frequency of control clock DCC 


'"".%CC :.■.'.'"' 




1.6 


MHz 


Crystal Frequency CRT 96364A 
CRT 96364 B 


fx 
fx 




1.008 L:K:,f^: : .; ; V: ; .. : 


MHz 
MHz 


DCC pulse width 


*DCC 


200 




ns 


Rise and fall times 


t | 

: 


20 


40 


ns 


Refresh memory address access time 


tcA | 


200 


250 


ns 


Character memory address access time 


^CRO 


200 


250 


ns 


PS access time (read) 


t , 

T CPS j 


300 


1000 


ns 


CRV access time 


■- ; - ■: ! tcRV''Vv 


I 200 


250 


ns 


DCE access time (high to low) 


' '■■■!■■''■ ^bcE '■'■ 




100 ;■;■;■; [ "■', 


ns 


SYNC period 


t PS | 


64 


fJS 


SYNC pulse width 


tvvp 




4 I 


fJS 


DCE access time (low to high level) 


tsc 


I 11 




■lis 


EOP access time (high to low level) 


t» 




1 


1.5 


/US 


W access time (low to high) 


*sw I 


500 


1000 


ns 


W pulse width 


*PW 




4 




/US 


EOP pulse width 


tiop 


: .-:\'l:..i: : )ii. :-".':, 


10 




us 


Address to rising edge of DCE delay 


t A D 


2.1 


fJS 


Falling edge of DCE to Address delay 


*DA 







1 


JJS 


Row to rising edge of DCE delay 


*RD 







2.1 


fJtS 


Falling edge of DCE to row delay 


to* 







1 


£«3 


PS to rising edge of DCE delay 


t P s D ■! ■■ o 






fJS 
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LINE TIMING 



dcc n (Q) n (D 

(DISPLAY POSITION IN PARENTHESES) 



DCE 



A0-A5 

(CHARACTER ADDRESS) 



A6-A9 

(LINE ADDRESS) 



—BLANK PERIOD- 



■ih 



ixzezxzdcJ: 



(n) g (n + 1) | ~ 1 n l ~l 
// 



A 



I X X j T^r^ cS 



-/A 



-DISPLAY PERIOD- 



JCJL 













SYNC TIMING 








HRYN 








I 
I 




1 




m 


tsw~*- 
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I 

Kt sc 




r 
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r 
1 


"i 
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nr.F I 


i 
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i 


FT)P 
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-•— ticp 
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FRAME TIMING 








t,syn n n 


I u u 
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in n 


nr.F n 
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231 



DATA INPUT TIMING 

Asynchronous Operation 





Value 




PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNIT 


DS Pulse Width 


tpw 


0.5 






AS 


C0-C2 Set Up Time 


tcDS 


1 






AS 


C0-C2 Hold Time 


tDSC 


90 






JJS 


Minimum Strobe Period 


tos 










(Operation Execution Time) 












FUNCTION 


C2 C1 


C0 






Page Erase & Cursor Home 








132 


ms 


Erase to End of Line & Return Cursor 





1 


4.2 


ms 


Line Feed (Cursor Down) 


1 





130* 


/US 


No Operation 


1 


1 


80 


/US 


Cursor Left 


1 





80 


/«s 


Erasure of Cursor Line 


1 


1 


8.3 


ms 


Cursor Up 


1 1 





80 


jjs 


Normal Character 


1 


1 


1 


130* 


/US 



* Will increase to 8.3 ms when text scroll occurs. See "Scrolling" for conditions. 

Synchronous Operation 





Value 




PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNIT 


DS Pulse Width 


tpw 


0.5 






/US 


C0-C2Set-UpTime 


tcDS 


1 






/US 


C0-C2 Hold Time 


tDSC 


16 






/US 


DS Set Up Time 


tsDS 


1 






JJS 


Minimum Strobe Period 


tos' 










(Operation Execution Time) 












FUNCTION 


C2 C1 


C0 






Page Erase & Cursor Home 








132 


ms 


Erase to End of Line & Return Cursor 


--. 


1 


4.2 


ms 


Line Feed (Cursor Down) 


iff 1 





64* 


/US 


No Operation 


1 


64 


/US 


Cursor Left 


1 





64 


/US 


Erasure of Cursor Line 


1 


1 


8.3 


ms 


Cursor Up 


1 1 





64 


/US 


Normal Character 


1 


1 


1 


64* 


/US 



*Will increase to 8.3 ms when text scroll occurs. See "Scrolling" for conditions. 



DATA INPUT TIMING 

ASYNCHRONOUS OPERATION 







-« tps « 




DS — -| 


"■ tpw 


I I I 








C0-C2 ; 


; 


I 












tcDS «- 


— .- 





CSYN |~~ | 






SYNCHRONOUS OPERATION 

•• tsos 

i n n 




_TL_ 
















t D 


H 1 






i r 
















CJ0-C2 : 


( 




i 


V 


IDCZ 




x 


tcDS •■ 
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MULTIPLE PAGE DISPLAY 

Whe n linking two or more pages, the 
EOP and PS signals may be used to 
allow a "moving window" text display. 

PS (Page Select) indicates the end of 
page location. If a scroll has occurred, 
PS will show the transition from the 
end of line 15 of page P and the begin- 
ning of line of page P + 1. 



4 PAGE DISPLAY 



r, 



Display Area 




-PS 



lineO 
line 1 
line 2 



To properly maintain the memory 
address wh en d isplaying more than 
two pages, EOP pulses low at the 
point in time when page P is scrolled 
completely off the screen. At this time, 
PS will remain low for the entire frame 
since page P + 1 is now the only 
displayed page. 

The circuit at the right will allow 
scrolling through 4 pages of memory. 




ADVANCE PAGE 
""(NEGATIVE PULSE) 



.DECREMENT PAGE 
(NEGATIVE PULSE) 



Clear 
Load 



CRT 96364 A/B 



TYPICAL SYSTEM APPLICATION 



\ 
V 



COM- 
MAND 
DECODE 
PROM 



J DECODE 
/ PROM 

yi— ' 



CRT 96364 A/B 



CHARACTER CLK 



OSCILLATOR 
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STANDARD MICROSYSTEMS 
CORPORATION; 



(516) 273-3100 TWX-510-227-8898 

We keep ahead of our competition so you can keep ahead of yours 



Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION^ 



t 



CRT 8002 

jX PC FAMILY 



CRT Video Display Attributes Controller 

Video Generator 

VDAC™ 



FEATURES 

□ On chip character generator (mask programmable) 

128 Characters (alphanumeric and graphic) 
7x11 Dot matrix block 

□ On chip video shift register 

Maximum shift register frequency 
CRT 8002A 20MHz 
CRT8002B 15MHz 
CRT8002C 10MHz 
Access time 400ns 

□ On chip horizontal and vertical retrace video blanking 

□ No descender circuitry required 

□ Four modes of operation (intermixable) 

Internal character generator (ROM) 

Wide graphics 

Thin graphics 

External inputs (fonts/dot graphics) 

□ On chip attribute logic— character, field 

Reverse video 
Character blank 
Character blink 
Underline 
Strike-thru 

□ Four on chip cursor modes 

Underline 
Blinking underline 
Reverse video 
Blinking reverse video 

□ Programmable character blink rate 

□ Programmable cursor blink rate 



PIN CONFIGURATION 



VIDEO 1 C 


W 


Zl 28 RETBL 


LD/SH 2 C 




Zl 27 CURSOR 


VDC 3d 




Z] 26 MS0 


A0 4C 




Zl 25 MS1 


A1 5C 




Zl 24 BLINK 


A2 6rz 




ID 23 V SYNC 


A3 7LZ 




Zl 22 CHABL 


A4 8C 




Z) 21 REVID 


A5 9C 




Zl 20 UNDLN 


A6 10 rz 




Zl 19 STKRU 


A7 11 C 




Zl 18 ATTBE 


Vw 12 rz 




Zl 17 GND 


R2 13 fZ 




Zl 16 R0 


R3 14 rz 




Zl 15 R1 



□ Subscriptable 

□ Expandable character set 
External fonts 
Alphanumeric and graphic 
RAM, ROM, and PROM 

□ On chip address buffer 

□ On chip attribute buffer 

□ +5 volt operation 

□ TTL compatible 

□ MOS N-channel silicon-gate COPLAMOS® process 

□ CLASP® technology— ROM and options 

□ Compatible with CRT 5027 VTAC® 



General Description 



The SMC CRT 8002 Video Display Attributes Controller 
(VDAC) is an N-channel COPLAMOS® MOS/LSI device 
which utilizes CLASP® technology. It contains a 
7X11X128 character generator ROM, a wide graphics 
mode, a thin graphics mode, an external input mode, 
character address/data latch, field and/or character 
attribute logic, attribute latch, four cursor modes, two 
programmable blink rates, and a high speed video 
shift register. The CRT 8002 VDAC is a companion 
chip to SMC's CRT 5027 VTAC®. Together these two 
chips comprise the circuitry required for the display 
portion of a CRT video terminal. 

The CRT 8002 video output may be connected directly 
to a CRT monitor video input. The CRT 5027 blanking 
output can be connected directly to the CRT 8002 
retrace blank input to provide both horizontal and 
vertical retrace blanking of the video output. 

Four cursor modes are available on the CRT 8002. 
They are: underline, blinking underline, reverse video 
block, and blinking reverse video block. Any one of 
these can be mask programmed as the cursor func- 
tion. There is a separate cursor blink rate which can 
be mask programmed to provide a 15 Hz to 2 Hz blink 
rate. 



The CRT 8002 attributes include: reverse video, char- 
acter blank, blink, underline, and strike-thru. The 
character blink rate is mask programmable from 7.5 Hz 
to 1.0 Hz and has a duty cycle of 75/25. The underline 
and strike-thru are similar but independently con- 
trolled functions and can be mask programmed to any 
number of raster lines at any position in the character 
block. These attributes are available in all modes. 

In the wide graphic mode the CRT 8002 produces a 
graphic entity the size of the character block. The 
graphic entity contains 8 parts, each of which is asso- 
ciated with one bit of a graphic byte, thereby provid- 
ing for 256 unique graphic symbols. Thus, the CRT 
8002 can produce either an alphanumeric symbol or 
a graphic entity depending on the mode selected. 
The mode can be changed on a per character basis. 

The thin graphic mode enables the user to create sin- 
gle line drawings and forms. 

The external mode enables the user to extend the on- 
chip ROM character set and/or the on-chip graphics 
capabilities by inserting external symbols. These ex- 
ternal symbols can come from either RAM, ROM or 
PROM. 
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MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range 0°C to + 70°C 

Storage Temperature Range - 55°C to + 1 50°C 

Lead Temperature (soldering, 10 sec.) +325°C 

Positive Voltage on any Pin, with respect to ground +8.0V 

Negative Voltage on any Pin, with respect to ground -0.3V 

* Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 

functional operation of the device at these or at any other condition above those indicated in the operational 

sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that 
the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies 
exhibit voltage spikes or "glitches" on their outputs when the AC power is switched on and off. 
In addition, voltage transients on the AC power line may appear on the DC output. If this possibility 
exists it is suggested that a clamp circuit be used. 



ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vcc= + 5V±5%, unless otherwise noted) 



Parameter 


Min. 


Typ. 


Max- 


Unit 


Comments 


D.C. CHARACTERISTICS 












INPUT VOLTAGE LEVELS 
Low-level, V| L 
High-level, V, H 


2.0 




0.8 


V 
V 


excluding VDC 
excluding VDC 


INPUT VOLTAGE LEVELS-CLOCK 
Low- 1 eve I, V, L 
High-level, V, H 


4.3 




0.8 


V 
V 


See Figure 6 


OUTPUT VOLTAGE LEVELS 
Low- 1 eve I, V 0L 
High-level, V 0H 


2.4 




0.4 


V 
V 


l OL = 0.4mA, 74LSXXIoad 
l OH = -20 M A 


INPUT CURRENT 
Leakage, I L (Except CLOCK) 
Leakage, l L (CLOCK Only) 






10 
50 


//A 


0<V IN <V cc 
0<V IN <V cc 


INPUT CAPACITANCE 
Data 
LD/SH 
CLOCK 




10 
20 
25 




PF 
PF 
PF 


@1MHz 
@1MHz 
@1MHz 


POWER SUPPLY CURRENT 
Ice 




100 




mA 




A.C. CHARACTERISTICS 












See Figure 6, 7 













SYMBOL 


PARAMETER 


CRT 8002A 


CRT 8002B 


CRT 8002C 


UNITS 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


VDC 


Video Dot Clock Frequency 


1.0 


20 


1.0 


15 


1.0 


10 


MHz 


PW H 


VDC-HighTime 


15.0 




23 




40 




ns 


PW L 


VDC— Low Time 


15.0 




23 




40 




ns 


tcY 


LD/SH cycle time 


400 




533 




800 




ns 


tp.t, 


Rise, fall time 




10 




10 




10 


ns 


^SET-UP 


Input set-up time 


^0 




^0 




^0 




ns 


^HOLD 


Input hold time 


15 




15 




15 




ns 


tpDI. tpDO 


Output propagation delay 


15 


50 


15 


65 


15 


100 


ns 


t. 


LD/SH set-up time 


10 




15 




20 




ns 


t 2 


LD/SH hold time 


5 




5 




5 




ns 
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BLOCK DIAGRAM 



ADDRESS/DATA . A " 
INPUTS 8 



CURSOR 

RETRACE BLANK - 

ATTRIBUTE ENABLE 

MODE SELECT - 
MODE SELECT 1 — 

REVERSE VIDEO - 
CHARACTER BLANK-"- 

UNDERLINE 

BLINK 



ADDRESS/ 
DATA 
LATCH 



STRIKE THRU 



ZL 



JJ 



ATTRIBUTE 
LATCH 



VIDEO DOT C LOCK 
LOAD/SHIFT 



ROW ADDRESS 
R0-R3 
I I 



STRIKE-THRU 
SELECT 



A 



UNDERLINE 
SELECT 



N- 



y DECODER ~p 7x R 1 Q x M 1 



-H logic y 



LOGIC 



VsrNC 



IT}— 



CURSOR RATE 



LOGIC CHARACTER RATE 



LINE 
DECODER 



T— m 




-1/C6 C0 
\JA7 Aflf 



A 



ATTRIBUTE 
LOGIC 



xz 



GRAPHIC 
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VIDEO 
OUTPUT 



FIGURE 7 
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PW L 
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p^ 



X 



2.0V 
S- 0.8V 
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UbSCKIPTION OF PIN FUNCTIONS 



PIN NO. 


SYMBOL 


NAME 


INPUT/ 
OUTPUT 


FUNCTION 


1 


VIDEO 


Video Output 





The video output contains the dot stream for the selected row of the alpha- 
numeric, wide graphic, thin graphic, or external character after processing by 
the attribute logic, and the retrace blank and cursor inputs. 
In the alphanumeric mode, the characters are ROM programmed into the 
77 dots. (7X11) allocated for each of the 128 characters. See figure 5. The top 
row (R0) and rows R12 to R15 are normally all zeros as is column C7. Thus, the 
character is defined in the box bounded by R1 to R11 and C0 to C6. When a row 
of the ROM, via the attribute logic, is parallel loaded into the 8-bit shift-register, 
the first bit serially shifted out is C7 (A zero; or a one in REVID). It is followed 
by C6, C5, through C0. 
The timing of the Load/Shift pulse will determine the number of additional 

( , zero to N) backfill zeros (or ones if in REVID) shifted out. See figure 4. 

When the next Load/Shift pulse appears the next character's row of the ROM, 
via the attribute logic, is parallel loaded into the shift register and the cycle 
repeats. 


2 


LD/STT 


Load/Shift 


I 


The 8 bit shift-register parallel-in load or serial-out shift modes are established 
by the Load/Shift input. When low, this input enables the shift register for 
serial shifting with each Video Dot Clock pulse. When high, the shift register 
parallel (broadside) data inputs are enabled and synchronous loading occurs 
on the next Video Dot Clock pulse. During parallel loading, serial data flow 
is inhibited. The Address/Data inputs (A0-A7) are latched on the negative 
transition of the Load/Shift input. See timing diagram, figure 7. 


3 


VDC 


Video Dot Clock 


I 


Frequency at which video is shifted. 


4-11 


A0-A7 


Address/Data 


I 


In the Alphanumeric Mode the 7 bits on inputs (A0-A6) are internally decoded 
to address one of the 128 available characters (A7 = X). In the External Mode, 
A0-A7 is* used to insert an 8 bit word from a user defined external ROM, PROM 
or RAM into the on-chip Attribute logic. In the wide Graphic Modes A0-A7 is 
used to define one of 256 graphic entities. In the thin Graphic Mode A0-A2 is 
used to define the 3 line segments. 


12 


Vcc 


Power Supply 


PS 


+ 5 volt power supply 


13,14,15,16 


R2,R3,R1,R0 


Row Address 


I 


These 4 binary inputs define the row address in the current character block. 


17 


GND 


Ground 


GND 


Ground 


18 


ATTBE 


Attribute Enable 


I 


A positive level on this input enables data from the Reverse Video, Character 
Blank, Underline, Strike-Thru, Blink, Mode Select 0, and Mode Select 1 inputs 
to be strobed into the on-chip attribute latch at the negative transition of 
the Load/Shift pulse. The latch loading is disabled when this input is low. 
The latched attributes will remain fixed until this input becomes high again. 
To facilitate attribute latching on a character by character basis, tie ATTBE 
high. See timing diagram, figure 7. 


19 


STKRU 


Strike-Thru 


I 


When this input is high and RETBL = 0, the parallel inputs to the shift register 
are forced high (SR0-SR7), providing a solid line segment throughout the 
character block. The operation of strike-thru is modified by Reverse Video 
(see table 1). In addition, an on-chip ROM programmable decoder is available 
to decode the line count on which strike-thru is to be placed as well as to 
program the strike-thru to be 1 to N raster lines high. Actually, the strike-thru 
decoder (mask programmable) logic allows the strike-thru to be any number 
or arrangement of horizontal lines in the character block. The standard strike- 
thru will be a double line on rows R5 and R6. 


20 


UNDLN 


Underline 


I 


When this input is high and RETBL = 0, the parallel inputs to the shift register 
are forced high (SR0-SR7), providing a solid line segment throughout the 
character block. The operation of underline is modified by Reverse Video 
(see table 1). In addition, an on-chip ROM programmable decoder is available 
to decode the line count on which underline is to be placed as well as to 
program the underline to be 1 to N raster lines high. Actually, the underline 
decoder (mask programmable) logic allows the underline to be any number 
or arrangement of horizontal lines in the character block. The standard under- 
line will beasingle line on R11. 


21 


REVID 


Reverse Video 


I 


When this input is low and RETBL = 0, data into the Attribute Logic is presented 
directly to the shift register parallel inputs. When reverse video is high data 
into the Attribute Logic is inverted and then presented to the shift register 
parallel inputs. This operation reverses the data and field video. See table 1. 


22 


CHABL 


Character Blank 


I 


When this input is high, the parallel inputs to the shift register are all set low, 
providing a blank character line segment. Character blank will override blink. 
The operation of Character Blank is modified by the Reverse Video input. 
See table 1. 


23 


VSYNC 


VSYNC 


I 


This input is used as the clock input for the two on-chip mask programmable 
blink rate dividers. The cursor blink rate (50/50 duty cycle) will be twice the 
character blink rate (75/25 duty cycle). The divisors can be programmed from 
•r-4to-r 30 for the cursor(-i- 8 to 4- 60 forthe character). 


24 


BLINK 


Blink 


I 


When this input is high and RETBL = and CHABL = 0, the character will blink 
at the programmed character blink rate. Blinking is accomplished by blanking 
the character block with the internal Character Blink clock. The standard 
character blink rate is 1.875 Hz. 


25 
26 


MS1 
MS0 


Mode Select 1 
Mode Select 






These 2 inputs define the four modes of operation of the CRT 8002 as follows: 
Alphanumeric Mode— In this mode addresses A0-A6 (A7 = X) are in- 
ternally decoded to address 1 of the 128 available ROM characters. The 
addressed character along with the decoded row will define a 7 bit output 




MS1 


MS0 


MODE 






1 
1 




1 

1 



Alphanumeric 
Thin Graphics 
External Mode 
Wide Graphics 


from the ROM to be loaded into the shift register via the attribute logic. 
Thin Graphics Mode— In this mode A0-A2 (A3-A7 = X) will be loaded 
into the thin graphic logic along with the row addresses. This logic will 
define the segments of a graphic entity as defined in figure 2. The top of 
the entity will begin on row 0000 and will end on a mask programmable row. 
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PIN NO. 


SYMBOL 


NAME 


INPUT/ 
OUTPUT 


FUNCTION 


25 

26 

(cont.) 








External Mode — In this mode the inputs A0-A7 go directly from "the 
character latch into the shift register via the attribute logic. Thus the user 
may define external character fonts or graphic entities in an external 
PROM. ROM or RAM. See figure 3. 

Wide Graphics Mode— In this mode the inputs A0-A7 will define a araphic 
entity as described in figure 1. Each line of the graphic entity is determined 
by the wide graphic logic in conjunction with the row inputs R0 to R3. In 
this mode each segment of the entity is defined by one of the bits of the 
8 bit word. Therefore, the 8 bits can define any 1 of the 256 possible graphic 
entities. These entities can butt up against each other to form a contiguous 
pattern or can be interspaced with alphanumeric characters. Each of the 
entities occupies the space of 1 character block and thus requires 1 byte 
of memory. 
These 4 modes can be intermixed on a per character basis. 


27 


CURSOR 


Cursor 


1 


When this input is enabled 1 of the 4 pre-programmed cursor modes will be 
activated. The cursor mode is on-chip mask programmable. The standard cur- 
sor will be a blinking (at 3.75 Hz) reverse video block. The 4 cursor modes are: 

Underline— In this mode an underline (1 to N raster lines) at the programmed 

underline position occurs. 

Blinking Underline— In this mode the underline blinks at the cursor rate. 

Reverse Video Block— In this mode the Character Block is set to reverse 

video. 

Blinking Reverse Video Block— In this mode the Character Block is set to 

reverse video at the cursor blink rate. The Character Block will alternate 

between normal video and reverse video. 

The cursor functions are listed in table 1 . 


28 


RETBL 


Retrace Blank 


1 


When this input is latched high, the shift register parallel inputs are uncon- 
ditionally cleared to all zeros and loaded into the shift register on the next 
Load/Shift pulse. This blanks the video, independent of all attributes, during 
horizontal and vertical retrace time. 



TABLE 1 



CURSOR 


RETBL 


REVID 


CHABL 


UNDLN* 


FUNCTION 


X 


1 


X 


X 


X 


"0" S.R. All 

















D (Q.R.) All 














1 


"1" (S.R.)* 
D (S.R.) All others 











1 


X 


"0" (S.R.) All 








1 








D (S.R.) All 








1 





1 


"0" (S.R.)* 
D (S.R.) All others 








1 


1 


X 


"1" (S.R.) All 


Underline* 











X 


"1" (S.R.)* 
D (S.R.) All others 


Underline* 








1 


X 


"1" (S.R.)* 

"0" (S.R.) All others 


Underline* 





1 





X 


"0" (S.R.)* 
D (S.R.) All others 


Underline* 





1 


1 


X 


"0" (S.R.)* 

"1" (S.R.) All others 


Blinking** Underline* 











X 


"1" (S.R.)* Blinking 
D (S.R.) All others 


Blinking** Underline* 








1 


X 


"1" (S.R.)* Blinking 
"0" (S.R.) All others 


Blinking** Underline* 





1 





X 


"0" (S.R.)* Blinking 
D (S.R.) All others 


Blinking** Underline* 





1 


1 


X 


"0" (S.R.)* Blinking 
"1" (S.R.) All others 


REVID Block 














D (S.R.) All 


REVID Block 











1 


"0" (S.R.)* 
D (S.R.) All others 


REVID Block 








1 


X 


"1" (S.R.) All 


REVID Block 











1 


"0" (S.R.)* 
D (S.R.) All others 


REVID Block 





1 








D (S.R.) All 


REVID Block 





1 





1 


"1" (S.R.)* 
D (S.R.) All others 


REVID Block 





1 


1 


X 


"0" (S.R.) All 


Blink** REVID Block 


















Blink** REVID Block 











1 






Blink** REVID Block 








1 


X 




Alternate Normal Video/REVID 


Blink** REVID Block 





1 








*. 


At Cursor Blink Rate 


Blink** REVID Block 





1 





1 






Blink** REVID Block 





. 1 


1 


X 







*At Selected Row Decode **At Cursor Blink Rate 

Note: If Character is Blinking at Character Rate, Cursor will change it to Cursor Blink Rate. 
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ROM CHARACTER BLOCK FORMAT 



(ALL ZEROS)- 



77 BITS 
(7x11 ROM) 



(ALL ZEROS) 























- 




ROWS 


R3 


R2 


R1 


R0 


-0 


R0 














'o 


o 

















°i- 


- 


R1 











1 























I - 


- 


R2 








1 





o 


o 

















°l- 


- 


R3 








1 


1 























I - 


- 


R4 





1 








o 


o 

















oj- 


- 


R5 





1 





1 























|- 


- 


R6 





1 


1 





o 


o 

















°l- 


- 


R7 





1 


1 


1 


o 


o 

















|- 


- 


R8 


1 











o 


o 

















°l- 


- 


R9 


1 








1 























| - 


- 


R10 


1 





1 





.0 


o 

















o|- 


- 


R11 


1 





1 


1 























- 


- 


R12 


1 


1 





























- 


- 


R13 


1 


1 





1 























- 


- 


R14 


1 


1 


1 


























- 


- 


R15 


1 


1 


1 


1 



*C7 C6 C5 C4 C3 02 01 00 - - 



'COLUMN 7 IS ALL ZEROS (REVID = 0) 
COLUMN 7 IS SHIFTED OUT FIRST 



V 



EXTENDED ZEROS (BACK FILL) 
FOR INTERCHARACTER SPAC- 
ING (NUMBER CONTROLLED 
BY LD/SH, VDC TIMING) 





\A3 


■ M 


0000 


0001 


0010 


0011 


0100 


0101 


0110 


0111 


1000 


1001 


1010 


1011 


1100 


1101 


1110 


1111 




A6..A4^"V 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6 . . . CO 


C6 . . . CO 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6 . . . CO 


C6...C0 


C6...C0 




000 


R1 
R11 


■DIOIDG 

bgobbog 

BGBGBOB 
DDBDOOB 


SBBODGB 


DDDBDBD 
DDOIOID 


SBBBGGB 
GDOBGBO 


BBBBDGG 
BBBBOOD 


BBBBGGG 

BBBDDDO 

BBBGBBO 
GGGBODB 

GGGBOBB 


Hi 


SddbbSS 


DGOBBBD 


GDBBBBB 


IIIHII 


ill 


OGDBBBG 

oooaooo 


OBBBBBO 


BBBGBBD 
lllllll 


GBBBGGG 

bSIIIII 

BBBGBBB 




001 


m 

R11 


BODBDDO 
BBBGODO 


DDDDiM 


BDOBOOD 


ODQIlia 


HI 


GGGBBGG 
DOGBGBO 


§§§§:§§ 


BDDODDa 
ODDBOGB 


BODDGGG 
OOOBBGB 


BBBBDOO 


GBBBGDG 
GBBGGDG 
BBBBBBD 
GOGBBBD 


BBBBGGG 
BBBGGGO 

GGOGBBB 


IIIIIII 


BDDDOaa 
BDBBOOG 


BGGGBBB 


BDOBOOO 
GBBOBBB 




010 


HI 
R11 


UDDDDDn 


||| 


HI 


DaBDBDD 
■■!■■■■ 


ill 


ill 




||l 


qddobgB 


HI 


111 


Iiiiiii 


111 


Hi 


GGCGGOG 


Iliiiil 




011 


R1 

R11 


GBBBBBD 

BGBOGOB 
BBODGOB 






DBBBBBD 
BDODODB 

aBBBBBD 


GBGGGBO 

BBBBBBB 


BBBBBBB 


BBBBBBG 


BBBBBBB 


GBBBBBG 


GBBBBBB 


iiiiiii 


iliiiil 


iliiiil 


OGGGaOQ 


111 


DDBBBBD 




100 


R1 
R11 


DGBBBBG 
30BBBBD 


iiii 


BBBBBBD 
OBBBBBO 

■■■■■■a 


OOBBBBO 
GBGDGGB 

DDBBBBD 


ill 


BBBBDDa 

BBBBBBB 


BBBBBBB 
■DDDDOD 


BGOBBBB 


slgssss 


OBBBBBO 


GBBBGGO 


IIII 


Ills 


BDBDBGB 
BGGBGGB 

BOGGGGB 


BOGGGGB 
BBDOOQB 
BGBDODB 
BDGBGDB 


5BDDDBC 




101 


R1 

R11 


■■■■■■□ 


boggbgb 

DDIIIOI 


BBBBBBD 

■BBBBBD 


BGDGGGB 
BGGGOGB 


111 


111! 


ODDBGGD 


BDGGGGB 
BGGOGGB 


GOBGBGG 
DOBGBGG 


BDDGGDB 
GGGBGGG 


BBBBBBB 

BBBBBBB 
OGOGGGO 


GBBBBGG 

ocaaaDo 


§§§§§§§ 


HII 


OBGGDBG 


III 




110 


R1 
R11 


□DBBDDD 


□ooonoa 

■OOOOBG 

aaBiaaa 
aoaaaao 


BBDDDBO 
BDBBBOO 


DDaoaan 


DDGGOBG 
DQOODBD 
BOGGBBG 
BGGGGBD 
BGGGGBG 

OBBBDBG 
DDDDODD 


•DGDGBG 
BBBBBBG 

BODODaa 
GBBBBOa 
DODDDOO 


BSBBBOU 


BOGGGBD 


BGGGGBG 


111 


HI 


oGoaaaa 




BBBGBBG 
■GGBGGB 

BGGBGGB 

BGOBDGB 


BOBBBOC 
BBOGCBC 

bdodgbE 

BOOOOBD 
BOGGOBC 


DBBlBaC 
BGoBaBC 

OBBBBGC 




111 


R1 
R11 


Hi 


DanaoDO 

BDDOBBD 
GBBBOBG 


BOBBBDD 


DDOOODO 
ODODOOn 
GODOOOD 
GBBBBGG 

DBBOODQ 
OaOBBGG 

GBBBBGG 


■BBBBGG 


aaoaoDD 

BGODOBG 
BGGGBBO 
OBBBGBG 


Iiii! 


BGGBGGB 
BGGBOOB 


OGBBOGG 


aGGODDG 

BGGGOBG 

GOOGGBG 
GBBBBGG 


ill 


GOBODaa 

OOBDDDC 
ODGBBOC 


iiiiiii 


111 


■OOIDOI 


GBOGBGC 

GGBGOBC 
GBGQBGC 





CONSULT FACTORY FOR CUSTOM FONT AND OPTION PROGRAMMING FORMS. 
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FIGURE 1 
WIDE GRAPHICS MODE 

MS0=0 MS1=0 



3 LINES* 
3 LINES 
3 LINES 
3 LINES 



151 



eh 



•ON CHIP ROM PROGRAMMABLE TO 2, 3, OR 4 LINE MULTIPLES 
"CAN BE PROGRAMMED FROM 1 TO 7 BITS 
"LENGTH DETERMINED BY LD/STT, VDC TIMING 



EXAMPLE: 10010110 



i« 






WM, 




Wm, 


'WW,. 





C7 C6 C5 C4 C3 C2 C1 C0 BF BF- 

r 




R13 
R14 
R15 



NOTE: Unselected raster line rows 
are always filled with ones. 



BF = back fill 



FIGURE 2 
THIN GRAPHICS MODE 

MS0=0 MS1=1 C7 C6 C5 C4 C3 C2 ci ca bf bf. 



X = DON'T CARE 

• THE INSIDE SEGMENT IS MASK PROGRAMMABLE 
TO ROW 0000 
" LENGTH DETERMINED BY LD/gH, VDC TIMING 



B0 
FM 






l 




R2 


A0 




R3 
R4 
R5 
R6 
R7 
R8 


1 

A2 




J 




R9 
R1jEf 


1 






R11 NOTE 








m2 y////// 


/, 


'/A-vy, 


// 


R13 i i i 


R14 | i I! 


R15 


L~. 









NOTE: When A1 ="1", the underline 
row/ rows are deleted. 
When A1 = "0", the underline, 
if selected, will appear. 

BF = back fill 







FIGURE 3 
EXTERNAL MODE 

MS0=1 MS1=0 




R0- 


-R15 


C7 C6 C5 C4 C3 C2 C1 


C0 BF BF • •• 




A7 


A6 


A5 


A4 


A3 


A2 


A1 


A0 


A7 


A7 








BF = backfil 
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FIGURE 4 TYPICAL VIDEO OUTPUT 



12 3 4 




NOTE: C, y 

x = character number 
y=column number 



BF = back fill 



ilh 



>-a<\\ — I I — ^^^rHl 



7404 C 7404 



VIDEO DOT - 
CLOCK 



74160 
DOT 
COUNTER 

(*N) 
CP 



CHARACTER CLOCK 



BI-DIRECTIONAL DATA BUS . 8 



MICRO- 
PROCESSOR 



ADDRESS BUS 



CONTROL BUS 



JZ 



RAM & ROM 
(FOR W P) N" 



ADDRESS BUS 4 



PAGE 
LOGIC 



CHIP SELECT 



DATA STROBE 



rtfi 



8 CHARACTER COLUMN 



„ 6 CHARACTER ROW 

K / — 



CHARACTER 

ADDRESS 

BUS 



DCC 

DB0-7 

A0-3 



HSYNC 
VSYNC 
C SYNC 



VTAC 
cs CRT 5027 BL 



HORIZ.SYNC 



SYNC 
BLANKING 



l£ 



SELECTOR 

WITH 
OPTIONAL 
MEMORY 
MAPPING 
CIRCUIT 
(IF REQUIRED) 



I 



•2-PORT RAM 

1Kx8T0 4Kx8 

CHARACTER 

FRAME 

BUFFER 



DATA 



DATA 
BUS 



ATTRIBUTES k 
/ 1 / 



RASTER 

SCAN 

COUNTER 



VDAC 
CRT 8002 



BLANKING 
SERIAL 



TIMING 
OUT FROM 

DOT COUNTER 
OR 

"OR 1 PORT RAM CHARACTER 

WITH BI-DIRECT CLOCK 

PORT 



CRT 5027 VTAC 
CRT 8002 VDAC 

(jP configuration 



FIGURE 6 



CP, 



74SXX 



500n 




LOAD/SHIFT external - 



CLK Q 

74S74 
D 



►VDC(tochip) 



LD/SH (to chip) 
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STANDARD MICROSYSTEMS 
CORPORATKM^^^= 



CRT 8002-001 

(KATAKANA) 

CODING INFORMATION 



CRT Video Display-Controller 
Video Generator VDAC ™ 





\^A3 


.A0 


0000 


0001 


0010 


0011 


0100 


0101 


0110 


0111 


1000 


1001 


1010 


1011 


1100 


1101 


1110 


1111 




A6..A4 \ 


C6. CO 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 




000 


Rl 
R11 


DDOOona 


OOOBOOD 


oaaooaa 


ODBD«aa 


iifiift 


BOBDOOB 
DOODDDD 


oaoaaaa 


IIIIIII 


a§S5So8 


ill 


Hi 


oooSaaa 


DDDODDD 

oaaoDDD 
aaaaaaD 


aoDoaao 
oaaaaaa 


111 


ddoodoo 


001 


Rl 
R11 




OODBOOO 

DODBaca 


DBBBBBD 


ooooaaa 


BBBBBBB 


BBBBBBB 
OOaODGB 


■DDoaao 




Daaaaaa 


isjpf 


iiiiiii 


Hi 


DOaOOOD 


ooaaoaa 




DDBBBBO 


010 


Rl 
R11 


■11 


mi 


DDDDoaa 


lUllll 


iiiiiii 


BBflaaaa 

BBBBBBB 


ODODDDD 


Ills 


Iiiiiii 


iiiiiii 




iiiiiii 


iiiiiii 


DoaooDa 


■Ei": 


OOBBBOa 

□aaooaa 


011 


R1 
R11 


ill 


p'lls 


BDDaaQB 




Iiiiiii 


BaDDOOB 

■ooaaDi 


IIIIIII 


■QGIQOI 


III: 


iiiiiii 


IIIIIII 


iiiiiii 


iii 


DBBBBDQ 


iiili 


IIIIIII 


100 


Rl 
R11 


ODOOODtJ 


BoaBooa 


DOBBBBD 
DOOOOOD 


lllllii 


IIIIIII 


iiiiiii 


IIIIIII 


aoSaoaa 


aaaaaao 


gggSSSS 


1111 


ddddSdo 


IIIIIII 


aOBBBOD 




DDDoaaa 


EaaaagS 


□□nSnoa 


101 


R1 
R11 


ill 




DnSSaao 


=§!§§§= 


qddIddd 


§§§§:§§ 


DDIGOOI 


BBBBBBB 
DODOQDD 


DDDDDOO 


iiiiiii 


iiiiiii 




BBBOODB 


HI 


iiiiiii 


aaaaDoa 


110 


Rl 
R11 


lllllii 


dddIddo 


Mi 


lllllii 


lllllii 




aoDoaao 
DDDDoaa 

BBBBBBB 

aaaaaoo 


Boaaoaa 


□aaaooD 


iiiiiii 


111 


SBBBBBa 


DOaaaaa 


DDaODOO 


aaaBDoa 


DDaaoaS 


111 


R1 
R11 


mini 


iiiiiii 


sls§§§§ 


111 


IIIIIII 


lUllll 


SddddSS 


BBBBBBB 


Iiiiiii 


111 


111 


DDDODOd 


DODDDDD 


SdddddS 


oaaaaaa 


iiiiiii 


gDoaaaa 


HI 


iiiiiii 


§§§§§§§ 



WIDE GRAPHICS MODE 



C7 C6 C5 C4 C3 C2 C1 CSS BF BF- 



THIN GRAPHICS MODE 

C7 C6 C5 C4 C3 C2 C1 C0 BF BF... 




R1 






1 


R2 


AB 


R3 
R4 
R5 
R6 
R7 
R8 


1 

A? 




\ 


R9 

R1tf 

R11 NOTE 


^ 




R12 V////// 


'A 


WA 



NOTE: When A1 = "V. the underl 
row/rows are deleted. 
WhenA! ="0", the underl 
if selected, will appear 



BF = back (ill 



ATTRIBUTES 

Underline Blink Rate 

Underline will be a single horizontal line at row R11 The character blink rate will be 1.875 Hz 

Cursor Strike-Thru 

Cursor will be a blinking reverse video block, blinking at3.75 Hz The strike-thru will be a double line at rows R5 and R6 

243 



blAIMUAKU MICROSYSTEMS 



roRPORAnopi* 



CRT 8002-003 

(5X7 ASCII) 

CODING INFORMATION 



CRT Video Display-Controller 
Video Generator VDAC™ 





>v A3..A0 


0000 


0001 


0010 


0011 


0100 


0101 


0110 


0111 


1000 


1001 


1010 


1011 


1100 


1101 


1110 


1111 




A6..A4 N^ 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 




000 


R1 

R11 


DODQnoa 


ggggggg 


DIIIQOD 


111 


DIDDiDD 


ooaaSon 


DIIMOO 


ggggggg 


nil 


ill 


ggggggg 


ggggggg 


DOODDDD 


ggggggg 


Ills 


sill 


001 


R1 

R11 


111 


lllllll 


■■■■■DD 


DBMDDD 

DMQaao 


■■•■■do 


■■■■■DO 


ggggggg 


!■■■■□□ 


lllllll 


■■■■■DD 


ggggggg 


ggggggg 


sill 


Hi 


111 


iiiiiii 


010 


R1 
R11 


liiiill 


nnooogg 


naoSSaS 


■■■■■ao 


GIMDOO 


■aOIIDD 


IIIIHI 


IIIIHI 


ggggggg 


ggggggg 


ggggggg 


ggggggg 


nil 


ggggggg 


nil 


111 


011 


R1 
R11 


SSSSSSS 


lllllll 


S *"°°° 


DIIIODD 


DDaDDDD 


•■■■■oo 

■■■■ODD 


ggggggg 


■■■■■OD 


sssssgg 


ggggggg 


ggggggg 


Ills 


nil 


SBSoogg 


Ills 


lllllll 


100 


R1 
R11 


aSogggg 


||i 


ggggggg 


DB1BDDD 


HI 


■SSSBoa 


Hi 


SoSgggg 


nil 


DBBBDDD 


ggggggg 


aoorjaaa 


nil 


ggggggg 


iiiiiii 


ggggggg 


101 


R1 
R11 


Hi 


SSSBSSS 


ggggggg 


DBBBDOO 

DBBiaaa 




SlgglBB 


ggggggg 


:g:g;gg 


iiggg 


ggggggg 




■■■■■DD 


aoaoDDa 


ggggggg 


DaaooDQ 


ggggggg 


110 


R1 
R11 


Daaoaoa 


gill 


■□■■aaa 


DIIMOO 


ggggggg 


IIIIHI 


ggggggg 


ggggggg 


|pss|| 


§s:gggg 


pggg 


■DDDDOD 
■■■DDDD 


ggggggg 


ggggggg 


ggggggg 


ssssssg 


111 


R1 
R11 


lllllll 


■QDIIOQ 


OODDDOD 


■■■■DDQ 


ill 


lllllll 


IIIIHI 


IIIIHI 


gg§gggl 


ggggggg 


ggggggg 




noDDDaa 


lllllll 


mill 


■■■■■an 

■■■■■DD 



WIDE GRAPHICS MODE 

C7 C6 C5 C4 C3 C2 C1 C0 




Note: R1l-R15are 
always filled with ones. 



THIN GRAPHICS MODE 



C7 C6 C5 C4 C3 C2 C1 C0 BF 



E 



^^^ 



ATTRIBUTES 

Underline Blink Rate 

Underline will be a single horizontal line at R8 The character blink rate is 1.875 Hz 

Cursor Strike-Thru 

Cursor will be a blinking reverse video block, blinking at 3.75 Hz The strike-thru will be a single horizontal line at R4 
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STANDARD MICROSYSTEMS 



CORPORATOR 



CRT 8002-005 

(ASCII) 

CODING INFORMATION 



CRT Video Display-Controller 
Video Generator VDAC ™ 





X^ A3 


A0 


0000 


0001 


0010 


0011 


0100 


0101 


0110 


0111 


1000 


1001 


1010 


1011 


1100 


1101 


1110 


1111 




A6..A4 ^V 


C6.. CO 


C6...C0 


C6. ..CO 


C6...C0 


C6...C0 


C6. ..CO 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6. . .CO 


C6. ..CO 


C6.. .CO 


C6.. .CO 


C6. ..CO 


C6.. .CO 




ooo 


R1 
H11 


ao'SSS" 


noSaaa" 


HI 


Hi 


IIIIIII 


ooSSS!! 


oaaSaaS 


■||| 


iii- 


ill 


llllHl 


'•.VJ 




IIIIIII 


DDDSDQB 


iiiiiii 




001 


R1 
R11 


Ills 


:§§:§§§ 


ill 


iHiiii 


ililill 


IIIIIII 


iiiiiii 


£§§§§§§ 


iiii: 


§§5aoS! 


ililill 


111 


IS'Sogg 


iillssl 


llll 


§§§ssss 




010 


R1 

R11 


aSSggSo 


111 


sill 


silslii 


lllslll 


gggggB 


5SSSS5S 


|||| 


aannSaa 


ill 


llll 


llll 


Iiiiiii 


Ililill 


llll 


llll 




011 


R1 
R11 


mini 


111 






PPi 


isisSan 


ill 


noaoSSo 




ill 


iiiiiii 


|||| 


oSSSSgg 


IIIIIII 


ggsssss 


lllllll 




100 


R1 

R11 


Pil 


iiiiiii 


iiiiiii 


111 


§:i§§: 






:is|: 






11:1 


iiiiiii 


llll 




=§§§§§= 


SBScEcS 




101 


R1 

R11 


ill 


■oaaioa 


Ills 


siE: 


HI 


ill 


|f|| 


Ills 


:§§§§": 


111 


aiaaoaa 


8"SSS°o 


IIIIIII 


111 


III 


ill 




110 


R1 
R11 


SSqd°od 




■IIP 


Dimaa 




IIIIIII 


111 




1111 


Iiiiiii 


aaiMoa 


llll 


ill 


ililill 


■onaa«Q 


SdSSSSo 




111 


R1 
R11 


111 


IIIIIH 


llll 


ainioo 






ill 


|||||§| 


IIIIIH 


ill 


•••••«G 


lllllH 


111 




llll 


lllllll 





WIDE GRAPHICS MODE 

C7 C6 C5 C4 C3 C2 C1 C0 BF BF 



THIN GRAPHICS MODE 

C7 C6 C5 C4 C3 C2 C1 C0 BF 




R0 

R1 

R2 

R3 

R4 

R5 

R6 

R7 

R8 

R9 

R10 

R11 




/ 

A2 

/ 
/ 
/ 
/ 
/ 
/ 
/ 




/ 

A0 
/ 
/ 
/ 
/ 
/ 
/ 
/ 


R12 


V,a./ 




V/ 


/ 
/ 


R13 
R14 
R15 





Underline 

Underline 
Cursor 

Cursor wil 



will be a single horizontal line at R12 
I be a reverse video block 



ATTRIBUTES 

Blink Rate 

The character blink rate is 1.875 Hz 

Strike-Thru 

The strike-thru will be a double line at rows R5 and R6 
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CRT 8002-011 

(ASCII) 

CODING INFORMATION 



CRT Video Display-Controller 
Video Generator VDAC™ 





\ A! 


A0 


0000 


0001 


0010 


0011 


0100 


0101 


0110 


0111 


1000 


1001 


1010 


1011 


1100 


1101 


1110 


1111 




A6..A4 X \ 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6 . . . CO 


C6...C0 


C6...C0 


C6. ..CO 


C6. ..CO 


C6 . . . CO 


C6...C0 


C6...C0 


C6...C0 


C6 . . . CO 




000 


R1 
R11 


lsl| 


■■■DODI 


111 


ill 


111 


aaanaaa 


iiliill 


■■■DDOD 


ill 


111 


lllllll 


OOOOBOO 




111! 


OBBDOGO 

■■■ana 


DBBBDDD 
BBBOBBB 




001 


R1 
R11 


■■■DQDD 


Hi 


11:1 


sill 


§111 


l§lr§is 


§§§§s§§ 


■lima 


ill 


111 


111 


IIP. 


111 


DIIDIII 


BBBODDD 
BCOBODO 

■ODOIII 


BDDBODa 

DBBOBBB 
OOOOBBD 
DOOBBBO 




010 


R1 
R11 


111 


HI 


||g| 


Pi!! 


OBBBBBO 


Hi! 


oiiiaai 


Hi 


III 


111 


111 


111 


HI 


iiiiiii 


lllllll 


§g§§§§§ 




011 


R1 
R11 


ill 


□■•■■■□ 


■■■■■■■ 




•■■■■•■ 


Ilillll 


lii 


lllllll 


Duma 

OBBBBBD 


iiiiiii 


lllllil 


DDI1GDC 


lllllll 


111 


Ills 


□BDDDDB 
DDODBBD 




100 


R1 
R11 


ii° 


OBDDDBd 

BBBBBBB 


11: 


dobbbbo 


11! 


111 




111: 


■S 




lililii 


BOBODDa 


ill 


BooanoB 




■ODDDDI 




101 


R1 
R11 


111 


OQBBBOB 


1111 


III: 


ggsssss 


■GDDDOI 


§111 


BDDODOB 
MQOOII 


ill 


DaoBoaa 


sill 


OBBBBOD 


odbodoo 


111 


111 


Hi 




110 


R1 
R11 


|i| 


DBBBBOO 
OBBBBBO 

□■■■■aa 
ooaaaaa 


111 


■DGDOID 

□■•■■oa 


aaaaaao 
aoaaaao 

DIHOID 

oooaooa 


DDODDOO 




■OGDIID 
BaODQBD 

DBBBBOa 


BOBBBDC 
BBDDDBQ 

BDDDDBG 

■OGDQIQ 


OOOODaa 


111 


j||| 


DDDBaaD 
DOBBBaO 


BBBDBBC 
BOOBDOB 

■DGIDDI 
BDDBDOB 
BQOBDai 

QDDOOOC 


ooaaoDD 

■OBBBOO 


OOOOOOO 




111 


R1 
R11 


SoSSSoB 


dS.SBSB 


fill 


OODBBOa 
OBBSBDO 


SlillDG 


ODDDDOD 
OBBBOBO 


SaoSaaS 


DDDOODQ 


BODOOBD 


DDODDOO 
BOOOBBO 

Boaaasa 


■■■■■ID 

BBBBBBG 
ODDOOOO 


OOBOOOO 

DDoaaaa 


DODBDOO 


DDBBODC 


in 


BGOBOOI 





WIDE GRAPHICS MODE 

C7 C6 C5 C4 C3 C2 C1 C0 BF BF 



THIN GRAPHICS MODE 

C7 C6 C5 C4 C3 C2 C1 C0 BF 




zzz / 

/ 
/ 
/ 
/ 
/ 
/ 
z 



alZ 



Underline 

Underline will be a single horizontal line at R11 

Cursor 

Cursor will be a blinking reverse video block, 

blinking at 3.75 Hz 



ATTRIBUTES 

Blink Rate 

The character blink rate is 1.875 Hz 
Strike-Thru 

The strike-thru will be a double line at 
rows R5 and R6 
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STANDARD MICROSYSTEMS 
CORPORAnCJ|^^^= 



CRT 8002H 

/APC FAMILY 



CRT Video Display Attributes Controller 

Video Generator 

VDAC™ 



FEATURES 

□ On chip character generator (mask programmable) 

128 Characters (alphanumeric and graphic) 
7x11 Dot matrix block 

□ On chip video shift register 

Maximum shift register frequency 25 MHz 

□ ROM Access time 310 ns 

□ On chip horizontal and vertical retrace video blanking 

□ No descender circuitry required 

□ Four modes of operation (intermixable) 

Internal character generator (ROM) 

Wide graphics 

Thin graphics 

External inputs (fonts/dot graphics) 

□ On chip attribute logic— character, field 

Reverse video 
Character blank 
Character blink 
Underline 
Strike-thru 

□ On chip cursor 

□ Programmable character blink rate 

□ Programmable cursor blink rate 
DSubscriptable 

□ Expandable character set 

External fonts 
Alphanumeric and graphic 
RAM, ROM, and PROM 



PIN CONFIGURATION 


VIDEO 1 rz 


w 


Z] 28 RETBL 


LD/SH 2 LZ 




Z] 27 CURSOR 


VDC 3LZ 




Zl 26 MS0 


A0 4C 




Z] 25 MS1 


A1 5C 




~~ 1 24 BLINK 


A2 6Q 




Zl 23 V SYNC 


A3 7LZ 




ZD 22 CHABL 


A4 8C 




ZJ 21 REVID 


A5 9C 




Z] 20 UNDLN 


A6 10 rz 




Z] 19 STKRU 


A7 11 rz 




Z] 18 ATTBE 


Vcc 12 LZ 




Zl 17 GND 


R2 13 LZ 




Z2 16 R0 


R3 14LZ 




Z] 15 R1 


□ On chip address buffer 


□ On chip attribute buffer 


□ +5 volt operation 


□ TTL compatible 


D N-channel COPLAMOS® Titanium 


Disilicide Process 


□ Compatible with CRT 5027/37 VTAC® 



General Description 



The SMC CRT 8002H Video Display Attributes Controller 
(VDAC) is an n-channel COPLAMOS® MOS/LSI de- 
vice. It contains a 7X11X128 character generator ROM, 
a wide graphics mode, a thin graphics mode, an external 
input mode, character address/data latch, field and/or 
character attribute logic, attribute latch, four cursor 
modes, two programmable blink rates, and a high speed 
video shift register. The CRT 8002H VDAC is a com- 
panion chip to SMC's CRT 5027/37 VTAC®. Together 
these two chips comprise the circuitry required for the 
display portion of a CRT video terminal. 

The CRT 8002H video output may be connected directly 
to a CRT monitor video input. The CRT 5027/37 blanking 
output can be connected directly to the CRT 8002H 
retrace blank input to provide both horizontal and 
vertical retrace blanking of the video output. 

The CRT 8002H attributes include: reverse video, char- 
acter blank, blink, underline, and strike-thru. The 
character blink rate is mask programmable from 7.5 Hz 
to 1.0 Hz and has a duty cycle of 75/25. The underline 



and strike-thru are similar but independently controlled 
functions and can be mask programmed to any number 
of raster lines at any position in the character block. 
These attributes are available in all modes. 

In the wide graphic mode the CRT 8002H produces a 
graphic entity the size of the character block. The 
graphic entity contains 8 parts, each of which is asso- 
ciated with one bit of a graphic byte, thereby providing 
for 256 unique graphic symbols. Thus, the CRT 8002H 
can produce either an alphanumeric symbol ora graphic 
entity depending on the mode selected. The mode can 
be changed on a per character basis. 

The thin graphic mode enables the user to create single 
line drawings and forms. 

The external mode enables the user to extend the on- 
chip ROM character set and/or the on-chip graphics 
capabilities by inserting external symbols. These ex- 
ternal symbols can come from either RAM, ROM or 
PROM. 
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MAXIMUM GUARANTEED RATINGS 

Operating Temperature Range .0°C to + 70°C 

Storage Temperature Range -55°Cto +150°C 

Lead Temperature (soldering, 10 sec.) +325°C 

Positive Voltage on any Pin, with respect to ground +8.0V 

Negative Voltage on any Pin, with respect to ground -0.3V 

■Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 

functional operation of the device at these or at any other condition above those indicated in the operational 

sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that 
the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies 
exhibit voltage spikes or "glitches" on their outputs when the AC power is switched on and off. 
In addition, voltage transients on the AC power line may appear on the DC output. If this possibility 
exists it is suggested that a clamp circuit be used. 



ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vcc= +5V±5%, unless otherwise noted) 



Parameter 


Min. 


Typ. 


Max. 


Unit 


Comments 


D.C. CHARACTERISTICS 












INPUT VOLTAGE LEVELS 
Low-level, V !L 
High-level, V| H 


2.0 




0.8 


V 
V 


excluding VDC 
excluding VDC 


INPUT VOLTAGE LEVELS-CLOCK 
Low-level, V IL 
High-level, V, H 


4.3 




0.8 


V 
V 


See Figure 6 


OUTPUT VOLTAGE LEVELS 
Low-level, V OL 
High-level, V OH 


2.4 




0.4 


V 
V 


l OL = 0.4mA, 74LSXXIoad 
l OH =-20 M A 


INPUT CURRENT 
Leakage, l L (Except CLOCK) 
Leakage, l L (CLOCK Only) 






10 
50 


fjA 
/"A 


0<V IN <V cc 
0<V, N <Vcc 


INPUT CAPACITANCE 
Data 
LD/SH 
CLOCK 




10 
20 
25 




PF 
PF 
PF 


@1MHz 
@1MHz 
@1MHz 


POWER SUPPLY CURRENT 
Ice 




100 




mA 




A.C. CHARACTERISTICS 












See Figure 6, 7 













SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


VDC 


Video Dot Clock Frequency 


1.0 


25 


MHz 


PW H 


VDC— High Time 


11.0 




ns 


PW l 


VDC— Low Time 


11.0 




ns 


tcY 


LD/SH cycle time 


310 




ns 


tr,t| 


Rise, fall time 




9 


ns 


tsET-UP 


Input set-up time 


>0 




ns 


thlOLD 


Input hold time 


15 




ns 


tpDI, tpDO 


Output propagation delay 


15 


27 


ns 


tl 


LD/SH set-up time 


5 




ns 


ta 


LD/SH hold time 


5 




ns 
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BLOCK DIAGRAM 



ADDRESS/DATA 
INPUTS 



CURSOR ■ 



RETRACE BLANK 



ADDRESS/ 
DATA 
LATCH 



ROW ADDRESS 
R0-R3 
I I 



ATTRIBUTE ENABLE 



MODE SELECT 
MODE SELECT 1 



REVERSE VIDEO -< 
CHARACTER BLANKh 



UNDERLINE 



STRIKE THRU 



~L 



ATTRIBUTE 
LATCH 



VIDEO DOT C LOCK 
LOAD/SHIFT 



STRIKE-THRU 
SELECT 



A 



UNDERLINE 
SELECT 



IV 



X 



I 



} 



-*- | LOGIC \ 



*- LOGIC 5 



LOGIC 



CURSOR RATE 



CHARACTER RATE 



V 



LINE 
DECODER 



i—ni 




7x11 x 128 
ROM 



-i/C6 C0\i- 

k Ja7 actL 



A 



ATTRIBUTE 
LOGIC 



xz 



GRAPHIC 
LOGIC 




ALL INPUTS 

(except VDC.LD/SH) 



VIDEO 
OUTPUT 



FIGURE 7 
AC TIMING DIAGRAM 



|-»PW„*-| 




-4'h- 



pq 



2.0V 
^- 0.8V 
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DESCRIPTION OF PIN FUNCTIONS 



PIN NO. 


SYMBOL 


NAME 


INPUT/ 
OUTPUT 


FUNCTION 


1 


VIDEO 


Video Output 





The video output contains the dot stream for the selected row of the alpha- 
numeric, wide graphic, thin graphic, or external character after processing by 
the attribute logic, and the retrace blank and cursor inputs. 
In the alphanumeric mode, the characters are ROM programmed into the 
77 dots, (7X11) allocated for each of the 128 characters. See figure 5. The top 
row (R0) and rows R12 to R15 are normally all zeros as is column C7. Thus, the 
character is defined in the box bounded by R1 to R11 and C0 to C6. When a row 
of the ROM, via the attribute logic, is parallel loaded into the 8-bit shift-register, 
the first bit serially shifted out is C7 (A zero; or a one in REVID). It is followed 
by C6, C5, through C0. 
The timing of the Load/Shift pulse will determine the number of additional 

( , zero to N) backfill zeros (or ones if in REVID) shifted out. See figure 4. 

When the next Load/Shift pulse appears the next character's row of the ROM, 
via the attribute logic, is parallel loaded into the shift register and the cycle 
repeats. 


2 


LD/SH" 


Load/ShlTt 


I 


The 8 bit shift-register parallel-in load or serial-out shift modes are established 
by the Load/Shift input. When low, this input enables the shift register for 
serial shifting with each Video Dot Clock pulse. When high, the shift register 
parallel (broadside) data inputs are enabled and synchronous loading occurs 
on the next Video Dot Clock pulse. During parallel loading, serial data flow 
is inhibited. The Address/Data inputs (A0-A7) are latched on the negative 
transition of the Load/Shift input. See timing diagram, figure 7. 


3 


VDC 


Video Dot Clock 


I 


Frequency at which video is shifted. 


4-11 


A0-A7 


Address/Data 


I 


In the Alphanumeric Mode the 7 bits on inputs (A0-A6) are internally decoded 
to address one of the 128 available characters (A7 = X). In the External Mode, 
A0-A7 is*used to insert an 8 bit word from a user defined external ROM, PROM 
or RAM into the on-chip Attribute logic. In the wide Graphic Modes A0-A7 is 
used to define one of 256 graphic entities. In the thin Graphic Mode A0-A2 is 
used to define the 3 line segments. 


12 


Vcc 


PowerSupply 


PS 


+ 5 volt power supply 


13,14,15,16 


R2,R3,R1,R0 


Row Address 


I 


These 4 binary inputs define the row address in the current character block. 


17 


GND 


Ground 


GND 


Ground 


18 


ATTBE 


Attribute Enable 


I 


A positive level on this input enables data from the Reverse Video, Character 
Blank, Underline, Strike-Thru, Blink, Mode Select 0, and Mode Select 1 inputs 
to be strobed into the on-chip attribute latch at the negative transition of 
the Load/Shift pulse. The latch loading is disabled when this input is low. 
The latched attributes will remain fixed until this input becomes high again. 
To facilitate attribute latching on a character by character basis, tie ATTBE 
high. See timing diagram, figure 7. 


19 


STKRU 


Strike-Thru 


I 


When this input is high and RETBL = 0, the parallel inputs to the shift register 
are forced high (SR0-SR7), providing a solid line segment throughout the 
character block. The operation of strike-thru is modified by Reverse Video 
(see table 1). In addition, an on-chip ROM programmable decoder is available 
to decode the line count on which strike-thru is to be placed as well as to 
program the strike-thru to be 1 to N raster lines high. Actually, the strike-thru 
decoder (mask programmable) logic allows the strike-thru to be any number 
or arrangement of horizontal lines in the character block. The standard strike- 
thru will be a double line on rows R5 and R6. 


20 


UNDLN 


Underline 


I 


When this input is high and RETBL = 0, the parallel inputs to the shift register 
are forced high (SR0-SR7), providing a solid line segment throughout the 
character block. The operation of underline is modified by Reverse Video 
(see table 1). In addition, an on-chip ROM programmable decoder is available 
to decode the line count on which underline is to be placed as well as to 
program the underline to be 1 to N raster lines high. Actually, the underline 
decoder (mask programmable) logic allows the underline to be any number 
or arrangement of horizontal lines in the character block. The standard under- 
line will be a single line on R11. 


21 


REVID 


Reverse Video 


I 


When this input is low and RETBL = 0, data into the Attribute Logic is presented 
directly to the shift register parallel inputs. When reverse video is high data 
into the Attribute Logic is inverted and then presented to the shift register 
parallel inputs. This operation reverses the data and field video. See table 1. 


22 


CHABL 


Character Blank 


I 


When this input is high, the parallel inputs to the shift register are all set low, 
providing a blank character line segment. Character blank will override blink. 
The operation of Character Blank is modified by the Reverse Video input. 
See table 1. 


23 


VSYNC 


VSYNC 


I 


This input is used as the clock input for the two on-chip mask programmable 
blink rate dividers. The cursor blink rate (50/50 duty cycle) will be twice the 
character blink rate (75/25 duty cycle). The divisors can be programmed from 
-7- 4 to -7- 30 for the cursor (-4- 8 to -r- 60 for the character). 


24 


BLINK 


Blink 


I 


When this input is high and RETBL = and CHABL = 0, the character will blink 
at the programmed character blink rate. Blinking is accomplished by blanking 
the character block with the internal Character Blink clock. The standard 
character blink rate is 1.875 Hz. 


25 
26 


MS1 
MS0 


Mode Select 1 
Mode Select 






These 2 inputs define the four modes of operation of the CRT 8002 as follows: 
Alphanumeric Mode— In this mode addresses A0-A6 (A7 = X) are in- 
ternally decoded to address 1 of the 128 available ROM characters. The 
addressed character along with the decoded row will define a 7 bit output 




MS1 


MS0 


MODE 






1 
1 




1 

1 



Alphanumeric 
Thin Graphics 
External Mode 
Wide Graphics 


from the ROM to be loaded into the shift register via the attribute logic. 
Thin Graphics Mode— In this mode A0-A2 (A3-A7 = X) will be loaded 
into the thin graphic logic along with the row addresses. This logic will 
define the segments of a graphic entity as defined in figure 2. The top of 
the entity will begin on row 0000 and will end on a mask programmable row. 
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DESCRIPTION OF PIN FUNCTIONS 



PIN NO. 


SYMBOL 


NAME 


INPUT/ 
OUTPUT 


FUNCTION 


25 

26 

(cont.) 








External Mode — In this mode the inputs A0-A7 qo directly from the 
character latch into the shift register via the attribute logic. Thus the user 
may define external character fonts or graphic entities in an external 
PROM, ROM or RAM. See figure 3. 

Wide Graphics Mode— In this mode the inputs A0-A7 will define a araphic 
entity as described in figure 1. Each line of the graphic entity is determined 
by the wide graphic logic in conjunction with the row inputs R0 to R3. In 
this mode each segment of the entity is defined by one of the bits of the 
8 bit word. Therefore, the 8 bits can define any 1 of the 256 possible graphic 
entities. These entities can butt up against each other to form a contiguous 
pattern or can be interspaced with alphanumeric characters. Each of the 
entities occupies the space of 1 character block and thus requires 1 byte 
of memory. 
These 4 modes can be intermixed on a per character basis. 


27 


CURSOR 


Cursor 


1 


When this input is enabled 1 of the 4 pre-programmed cursor modes will be 
activated. The cursor mode is on-chip mask programmable. The standard cur- 
sor will be a blinking (at 3.75Hz) reverse video block. The 4 cursor modes are: 

Underline— In this mode an underline (1 to N raster lines) at the programmed 

underline position occurs. 

Blinking Underline— In this mode the underline blinks at the cursor rate. 

Reverse Video Block— In this mode the Character Block is set to reverse 

video. 

Blinking Reverse Video Block— In this mode the Character Block is set to 

reverse video at the cursor blink rate. The Character Block will alternate 

between normal video and reverse video. 

The cursor functions are listed in table 1. 


28 


RETBL 


Retrace Blank 


1 


When this input is latched high, the shift register parallel inputs are uncon- 
ditionally cleared to all zeros and loaded into the shift register on the next 
Load/Shift pulse. This blanks the video, independent of all attributes, during 
horizontal and vertical retrace time. 



TABLE 1 



CURSOR 


RETBL 


REVID 


CHABL 


UNDLN* 


FUNCTION 


X 


1 


X 


X 


X 


"0" S.R. All 

















D (§.R.) All 














1 


"1" (S.R.)* 
D (S.R.) All others 











1 


X 


"0" (S.R.) All 








1 








D (S.R.) All 








1 





1 


"0" (S.R.)* 
D (S.R.) All others 








1 


1 


X 


"1" (S.R.) All 


Underline* 











X 


"1" (S.R.)* 
D (S.R.) All others 


Underline* 








1 


X 


"1" (S.R.)* 

"0" (S.R.) All others 


Underline* 





1 





X 


"0" (S.R.)* 
D (S.R.) All others 


Underline* 





1 


1 


X 


"0" (S.R.)* 

"1" (S.R.) All others 


Blinking** Underline* 











X 


"1" (S.R.)* Blinking 
D (S.R.) All others 


Blinking** Underline* 








1 


X 


"1" (S.R.)* Blinking 
"0" (S.R.) All others 


Blinking** Underline* 





1 





X 


"0" (S.R.)* Blinking 
D (S.R.) All others 


Blinking** Underline* 





1 


1 


X 


"0" (S.R.)* Blinking 
"1" (S.R.) All others 


REVID Block 














D (S.R.) All 


REVID Block 











1 


"0" (S.R.)* 
D (S.R.) All others 


REVID Block 








1 


X 


"1" (S.R.) All 


REVID Block 











1 


"0" (S.R.)* 
D (S.R.) All others 


REVID Block 





1 








D (S.R.) All 


REVID Block 





1 





1 


"1" (S.R.)* 
D (S.R.) All others 


REVID Block 





1 


1 


X 


"0" (S:R.)AII 


Blink** REVID Block 


















Blink** REVID Block 











1 






Blink** REVID Block 








1 


X 




Alternate Normal Video/REVID 


Blink** REVID Block 





1 










At Cursor Blink Rate 


Blink** REVID Block 





1 





1 






Blink** REVID Block 





1 


1 


X 




, 



* At Selected Row Decode **At Cursor Blink Rate 

Note: If Character is Blinking at Character Rate, Cursor will change it to Cursor Blink Rate. 

251 



(ALL ZEROS) - 



77 BITS 
(7x11 ROM) 



(ALL ZEROS) 









ROM CHARACTER BLOCK FORMAT 






























- 




ROWS 


R3 


R2 


R1 


R0 


•►0 


R0 
















c 





















j - 


- 


R1 











1 

























o I - 


- 


R2 








1 




























| - 


- 


R3 








1 


1 

























| - 


- 


R4 





1 































j - 


- 


R5 





1 





1 


i 























| - 


- 


R6 





1 


1 




























j - 


- 


R7 





1 


1 


1 

























| - 


- 


R8 


1 


































j - 


- 


R9 


1 








1 

























| - 


- 


R10 


1 





1 







[o 


o 

















| - 


- 


R11 


1 





1 


1 




r° 




















- 


- 


R12 


1 


1 































- 


- 


R13 


1 


1 





1 


-s 























- 


- 


R14 


1 


1 


1 




























- 


- 


R15 


1 


1 


1 


1 



*C7 C6 C5 C4 C3 C2 C1 C0 - - 

'COLUMN 7 IS ALL ZEROS (REVID = 0) ^1— 

COLUMN 7 IS SHIFTED OUT FIRST 



EXTENDED ZEROS (BACK FILL) 
FOR INTERCHARACTER SPAC- 
ING (NUMBER CONTROLLED 
BY LD/SH, VDC TIMING) 





N. A3 


A0 


0000 


0001 


0010 


0011 


0100 


0101 


0110 


0111 


1000 


1001 


1010 


1011 


1100 


1101 


1110 


1111 




A6..A4 \ 


C6.. .CO 


C6. . .CO 


C6. ..CO 


C6 . . . CO 


C6 . . . CO 


C6...C0 


C6...C0 


C6. ..CO 


C6...C0 


C6. ..CO 


C6. . .CO 


C6. ..CO 


C6.. .CO 


C6...C0 


C6...C0 


C6...C0 




000 


R1 
R1 1 


DOoSSS" 


ill 


lllllll 


lllllll 


111 


■■■■DOG 


□■■QOGO 


ill 


■QOIODO 


lllllH 


OODBBBi 
OODBBBO 


DDDDBaD 


11 


ill 


lllllH 


GBBBDDD 




001 


R1 
R11 


111 


•111 


Hi 


ill 


111 


111 


lisssgg 


111 


Hi 


ill 


BBBBBBG 
OOGBBBO 

aocaaaa 


ill 


□ DDiMQ 


111 


■ DOOMS 


DBBOBBB 




010 


R1 
R11 


ill 


111 


Hi 










111 


ill 


ggggsgg 


ill 


ISl 


ODDQOOO 


ill 


oSSSSSS 


DaanSnc 




011 


R1 

R11 


*••»•* 


111 


ill 


lllllH 


111 


111 


111: 


ncSoaoo 


GBBBain 

BOOODOB 

naaasan 


111! 


lllllH 


111 


ill 


□■••■•o 


ill 


111 




100 


R1 

R11 


!c£"S! 


111: 


■■•■■•3 


HI 


•••■•*□ 


••••••• 


■■■■□on 


llll 


ills: 


ill 




llll 


!■■■■■■ 




BODOODB 


§111 




101 


R1 
R11 


■■■■■■G 


□DltlGI 


ill 


Hi 


111 


lill 


111 


■oddqqS 


■ODOOOI 




■•■•■■• 
■■■•■■■ 


Ill 


§§§§|ga 


111 


lllllll 


Hi 




110 


R1 
R11 


ill 


oSSSSSS 


•BOODBO 

bobbbog 


"■■■■DO 


gSSSo'o 


ill 


■■■■■DO 

ooaooac 


obbbobd 


111 


111 


DDBBBQa 


ill 


lllllH 


BOGBODI 


BBODDBQ 
BDDDDBD 
BDODDBG 

DaODODC 


lllllll 




111 


R1 

R11 


Bll 


■OQOBBO 

oaaaoBG 


■DltlDD 

lllllH 


■OOODBD 

oaaoDon 
□oaaaoo 
■DDDoaa 

□■■■■DO 


lllllH 


OBMOBO 


•DaDDDI 
■DDOGOI 
■DDDGDI 


lllllH 


oaooana 


■ODaoaa 
■oaaBBa 

□BBBflOD 


BBBBBBG 
BBBBBBn 


§§SSg§§ 


ill 


oaaoBDC 


DBBDOOC 
DDODBBC 


IDDIODI 





CONSULT FACTORY FOR CUSTOM FONT AND OPTION PROGRAMMING FORMS. 
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3 LINES - 
3 LINES 
3 LINES 
3 LINES 



5BITS". NBITS' - 



FIGURE 1 
WIDE GRAPHICS MODE 

MS0=0 MS1=0 



3 



r 



| A7 | A6 | A5 | A4 | A3 | A2 | A1 | AO | 

•ON CHIP ROM PROGRAMMABLE TO 2, 3, OR 4 LINE MULTIPLES 
•CAN BE PROGRAMMED FROM 1JO 7 BITS 
•LENGTH DETERMINED BY LD/SH, VDC TIMING 

EXAMPLE: 10010110 



mm 






WM, 




Wm, 


Wm, 





C7 C6 C5 C4 C3 C2 C1 C0 BF BF- 

r~i — v 



R0 

R1 

R2 

R3 

R4 

R5 

R6 

R7 

R8 

R9 

R1J3T 

R11 

R12 

R13 

R14 

R15 




NOTE: Unselected raster line rows, 
are always filled with ones. 



BF = backfil 



FIGURE 2 
THIN GRAPHICS MODE 

MS0=0 MS1=1 



X = DONT CARE 

• THE INSIDE SEGMENT IS MASK PROGRAMMABLE 
TO ROW 0000 
" LENGTH DETERMINED BY LD/5TI, VDC TIMING 



C7 C6 C5 C4 


C3 


C2 C1 C0 BF 


BF 


R0 
R1 


1 




R2 


A0 




R3 
R4 
R5 
R6 
R7 
R8 


1 

A2 




I 




R9 

R1JZT 

R11 NOTE 


1 






R12 Y////// 


<^A1<X 


// 


R13 i | i 


R14 | i i I ' 


R15 











NOTE: When A1 = "1", the underline 
row/rows are deleted. 
When A1 = "0", the underline, 
if selected, will appear. 

BF = back fill 





FIGURE 3 
EXTERNAL MODE 

MS0 = 1 MS1=0 




R0 - R15 


C7 C6 C5 C4 C3 C2 C1 


C0 BF BF ••• 




A7 


A6 


A5 


A4 


A3 


A2 


A1 


A0 


A7 


A7 








BF = backfil 
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FIGURE 4 TYPICAL VIDEO OUTPUT 



VDC- 
LD/SH- 



] 8 DOT |9 DOT ! 

_i.£L E LS.I.f!£k [ 2.i_ 




NOTE: C„ 

x = character number 
y = column number 



BF = back fill 



XTAL 

-III- 






H>HH>- 



VIDEO DOT - 
CLOCK 




CHARACTER CLOCK 



BI-DIRECTIONAL DATA BUS . 8 



MICRO- 
PROCESSOR 



ADDRESS BUS 



CONTROL BUS 



H 



RAM & ROM 
(FOR M P) 



£^ 



ADDRESS BUS 4 

f 



PAGE 
LOGIC 



CHIP SELECT 



DATA STROBE 



n£* 



8 CHARACTER COLUMN 



sz. 



„ 6 CHARACTER ROW 

K/ = 



CHARACTER 

ADDRESS 

BUS 



DCC 

DB0-7 

A0-3 

CS 

DS 

H0-7 

DR0-5 



VTAC® 
CRT 5027 
CRT 5037 



H SYNC 
V SYNC 
C SYNC 
BL 



SELECTOR 

WITH 
OPTIONAL 
MEMORY 
MAPPING 
CIRCUIT 
(IF REQUIRED) 



V 

DATA 

IN 



I 



"2-PORT RAM 

1Kx8T0 4Kx8 

CHARACTER 

FRAME 

BUFFER 



DATA 

BUS 

ATTRIBUTES 



n 



HORIZ.SYNC 



SYNC 
BLANKING 



4 

RASTER 
SCAN 
COUNTER 



VDAC™ 
CRT8002H 



BLANKING 
SERIAL 



•OR 1 PORT RAM 
WITH BI-DIRECT 
PORT 



TIMING 

FROM 

DOT COUNTER 

OR 

CHARACTER 

CLOCK 



CRT 5027 VTAC 

CRT 8002 VDAC 

/uP CONFIGURATION 



FIGURE 6 



74SXX 



500fi 



CP 




VDC(tochip) 



LOAD/SHIFT EXTERNAL" 



CLK 



Q 



74S74 



LD/SH (to chip) 



STANDARD MICROSYSTEMS C ircui< diagrams utilizing SMC products are included as a means of illustrating typical semiconductor appljca 

CORPORATION l 



35 Marcus Blvd Hauppauoe. N 



ons; consequently complete information sufficient for construction purposes is not necessarily given. The 

information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 

assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 

liVS devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 



We keep ahead of our competition so you can leep ahead of yours at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION^^^^g 



CRT 7004 

/XPC FAMILY 



Dot Matrix Character Generator 

128 Characters of 7 x 11 Bits 



FEATURES 

□ On chip character generator (mask programmable) 

128 Characters 
7x11 Dot matrix block 

□ On chip video shift register 

Maximum shift register frequency 
CRT 7004A 20MHz 
CRT7004B 15MHz 

CRT7004C 10MHz 
Access time 400ns 

□ No descender circuitry required 

□ On chip cursor 

□ On chip character address buffer 

□ On chip line address buffer 

□ Single +5 volt power supply 

□ TTL compatible 

□ MOS N-channel silicon-gate COPLAMOS® process 

□ CLASP® technology- ROM 

D Compatible with CRT 5027 VTAC® 

□ Enhanced version of CG5004L-1 



PIN CONFIGURATION 


NC 1 C 


\J 


2 24 GND 


SO 2 rj 




2 23 PE 


Vcc 3C 




: 22 NC 


LS 4[ 
PRST 5 £ 




2 21 VDC 
2 20 CUR 




L1 6[ 




2 19 AS 


CLR 7 C 




2 18 LCI 


L2 8[ 
L4 9[ 




2 17 A7 
2 16 A6 




L8 10 C 




2 15 A5 


A1 11 C 




2 14 A4 


A2 12 C 




2 13 A3 


PACKAGE: 24-Pin I 


D.I.P. 



GENERAL DESCRIPTION 

SMC's CRT 7004 is a high speed charac- 
ter generator with a high speed video 
shift register designed to display 128 
characters in a 7 x 1 1 dot matrix. The 
CRT 7004 is an enhanced, pin for pin 
compatible, version of SMC's CG5004L-1 . 
It is fabricated using SMC's patented 
COPLAMOS® and CLASP® technologies 
and employs depletion mode loads, 
allowing operation from a single + 5v 
supply. This process permits reduction of 
turn-around time for ROM patterns. 
The CRT 7004 is a companion chip to 
SMC's CRT 5027 VTAC®. Together these 
two chips comprise the circuitry required 
for the display portion of a CRT video 
terminal. 



FUNCTIONAL BLOCK DIAGRAM 



Line Strobe 



Address 
Strobe 



Character \ o 
Address — ./ ™ 

Lower Case 
Inhibit 
Cursor 

Parallel 
Enable 
Clock 



Preset 
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MAXIMUM GUARANTEED RATINGS' 

Operating Temperature Range 0°C to + 70°C 

Storage Temperature Range - 55 C C to + 1 50°C 

Lead Temperature (soldering, 10 sec.) +325°C 

Positive Voltage on any Pin, with respect to ground + 8.0V 

Negative Voltage on any Pin, with respect to ground -0.3V 

* Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 

functional operation of the device at these or at any other condition above those indicated in the operational 

sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that 
the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies 
exhibit voltage spikes or "glitches" on their outputs when the AC power is switched on and off. 
In addition, voltage transients on the AC power line may appear on the DC output. If this possibility 
exists it is suggested that a clamp circuit be used. 

ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vcc= +5V±5%, unless otherwise noted) 



Parameter 


Min. 


Typ. 


Max. 


Unit 


Comments 


D.C CHARACTERISTICS 












INPUT VOLTAGE LEVELS 












Low-level, V )L 






0.8 


V 


excluding VDC 


High-level, V, H 


2.0 






V 


excluding VDC 


INPUT VOLTAGE LEVELS-CLOCK 












Low-level, V, L 






0.8 


V 




High-level, V, H 


4.3 






V 


See AC Timing Diagram 


OUTPUT VOLTAGE LEVELS 












Low-level, V 0L 






0.4 


V 


l OL = 0.4mA, 74LSXXIoad 


High-level, V OH 


2.4 






V 


l 0H = -2CVA 


INPUT CURRENT 












Leakage, l L 






100 


u.A 


Vin = O, LS, AS. A1-A7, Cursor LCI 








10 


AtA 


O^V, N ^V cc , All others 


INPUT CAPACITANCE 












Data 




10 




PF 


@ 1 MHz 


PE 




20 




pF 


@ 1 MHz 


CLOCK 
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PF 


@ 1 MHz 


POWER SUPPLY CURRENT 












'cc 




100 




mA 


/OD^TT^r- — ■ — - 






^clJ^JSYi 



" Sc ' lo ch 



ange. 



SYMBOL 


PARAMETER 


CRT 7004A 


CRT 7004B 


CRT 7004C 


UNITS 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


VDC 


Video Dot Clock Frequency 


1.0 


20 


1.0 


15 


1.0 


10 


MHz 


PW H 


VDC -High Time 


13.5 




21 




36 




ns 


PW L 


VDC — Low Time 


13.5 




21 




36 




ns 


TcyAo 


Address strobe to PE high 


400 




533 




800 




ns 


t CY LS 


Line strobe to PE high 


1.0 




1.0 




1.0 




/*s 


t„t f 


Rise, fall time 




10 




10 




10 


ns 


t, 


PE set-up time 


5 




20 




20 




ns 


t 2 


PE hold time 


15 




15 




15 




ns 


ASpw 


Address strobe pulse width 


50 




50 




50 




ns 


LS PW 


Line strobe pulse width 


50 




50 




50 




ns 


^SET-UP 


Input set-uptime 


^0 




^0 




^0 




ns 


Ihold 


Input hold time 


15 




15 




15 




ns 


tpdn tao 


Output propagation delay 




45 




60 




90 


ns 
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DESCRIPTION OF PIN FUNCTIONS 



PIN NO. 


SYMBOL 


NAME 


FUNCTION 


1 


NC 


No Connection 




2 


SO 


Serial Output 


The output of the dynamic shift register is clocked out 
on this pin. The serial input to this shift register is 
internally grounded; thus zeros are shifted in while 
data is shifted out. 


3 


Vcc 


Power Supply 


+ 5 volt supply 


4 


LS 


Line Strobe 


A positive pulse on this input enters data from the L1 , 
L2, L4, L8 lines into the line address holding register. 
The LS input may be left open, in which case it is pulled 
up to V cc by an internal resistor. Data on the L1 to L8 
inputs is then entered directly into the register without 
any latching action. 


5 


PRST 


Preset 


A high level on this input forces the last stage of the 
shift register and the serial output to a logic high. 


6,8,9,10 


L1.L2, 
L4, L8 


Line Address 


A binary number N, on these four inputs address the Nth 
line of the character font for N = 1—11. If lines 0,12, 13, 
14 or 15 are addressed, the parallel inputs to the shift 
register are all forced low. 


7 


CLR 


Clear 


A high level on this input forces the last stage of the shift 
register and the serial output to a logic low and will be 
latched (for a character time) by PE. Clear overrides 
preset. 


11-17 


A1-A7 


Character Address 


The seven-bit word on these inputs is decoded internally 
to address one of the 1 28 available characters. 


18 


LCI 


LowerCase Inhibit 


A high level on this input transforms the address of a 
lower case character into that of the equivalent upper 
case character. This is internally achieved by forcing 
A6 low whenever A7 and LCI are high. 


19 


AS 


Address Strobe 


A positive pulse on this input enters data from the A1-A7, 
LCI and CUR inputs into the holding register. The AS 
input may be left open, in which case it is pulled up to 
V cc by an internal resistor. The data on the A1-A7, LCI 
and CUR inputs is then entered directly into the register 
without any latching action. 


20 


CUR 


Cursor* 


A high level on this input causes the cursor pattern to be 
superimposed on the pattern of the character addressed, 
i.e., the two patterns are OR-ed to generate the parallel 
inputs to the shift register. The standard cursor is 
presented as a double underscore on rows 10 and 11. 


21 


CLK 


Clock 


Frequency at which video (SO) is shifted. 


22 


NC 


No Connection 




23 


PE 


Parallel Enable 


A high level on this input loads the word at the output of 
the ROM into the shift register. The PE input must then 
be brought low again to allow the shift register to clock 
out this word. 


24 


GND 


Ground 


Ground 



i,-» | .«-pw h » L t,-». L p 



H"h 



-if- 



A1-A7.CUR, 
LCI 






4 



X 



W 



-H w. h- 



4.3v 

■0.8v 

2.0v 

-0.8v 

2.0v 

■0.8v 

2.0v 

0.8v 

2.4v 

0.4v 



AC TIMING DIAGRAM 
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XTAL 
-Hh 



i»-^wv — 1 i— ^^^r-<l 



VIDEO DOT- 
CLOCK 



74160 
DOT 
COUNTER 

CP 



CHARACTER CLOCK 



BI-DIRECTIONAL DATA BUS 8 




INTERRUPT 

TO M P 
(TO UPDATE 
DATA IN RAM) 



JZ 



RAM & ROM 
(FOR „P) 



3^ 



ADDRESS BUS 4 



=2=5 



PAGE 
LOGIC 



CHIP SELECT 



DATA STROBE 



rtf* 



8 CHARACTER COLUMN 



sz. 



& 



6 CHARACTER ROW 



CHARACTER 

ADDRESS 

BUS 



DB0-7 
A0-3 



H SYNC 

V SYNC 

C SYNC 

BL 



SELECTOR 

WITH 
OPTIONAL 
MEMORY 
MAPPING 
CIRCUIT 
(IF REQUIRED) 



I 



•2-PORT RAM 

1Kx8T0 4Kx8 

CHARACTER 

FRAME 

BUFFER 



DATA 
BUS 



HORIZ.SYNC 



SYNC 
BLANKING 



RASTER 

SCAN 

COUNTER 



BLANKING 
SERIAL 



'OR 1 PORT RAM 
WITH BI-DIRECT 
PORT 



TIMING 

FROM 

DOT COUNTER 

OR 

CHARACTER 

CLOCK 



CRT 5027 VTAC 

CRT 7004 VDAC 

uP CONFIGURATION 







4..A, 


0000 


000, 


0010 


0011 


0100 


0101 


0110 


0111 


1000 


1001 


1010 


1011 


1100 


1101 


1110 


1111 




A7..A5 \ 


C6...00 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 




000 


R1 
R11 


ill 


Soonaoo 


gggjggg 


111 


DDMDOD 


■■■■■■■ 






•BOODOO 

aaooaBo 


•■■oaaa 


ooddodo 


gggjggg 


•ooinoi 
aaaaaaa 


■BBBBBB 
OODDDOO 


BOBOBOB 

aanaooo 


OOODOOO 


DDnDDDD 


ggoggga 


001 


R1 
R11 


■■■■■■■ 


Hi 


SdddddS 


Kdddd: 


OOBBBOD 


ooddooo 
bobodob 


111 


!!: 


111 


OOOBDDD 


HI 


:g°gaD: 


oooaaaD 


BBBBDOB 

■aoiaoi 
■■■■■■■ 


■OOBBBB 

ooaonoo 


■OOBBBB 


010 


R1 


0000000 


IIIIIH 


111 


dbdddbd 
■■■■■■■ 


iliilli 


dooodbo 


111 


Ill 


111 


HI 


gggSgoa 


DDoSoDD 


ill 


aaooooo 


HI 


llll 


ill 


III! 


011 


H1 
R11 


HI 


ill 


■■■■■■■ 


gggggg: 


QDnggSg 


■■■■■■■ 


111 


111 


oSdooSd 


obbbbbo 


ODDDDaa 


111 


ggggssg 


ODDOOOO 


DDOBOOO 


111 


100 


R1 
R11 


■SSdSd! 


■■■■■■■ 


Ills 


ill 


Hi 


BOOODDO 


ill 


ill 


:ggggs: 


d§§E§§§ 


■gggggg 


111 


■■■■■■■ 


■ggggg" 


BoaaaaS 


ill 


101 


R1 
R11 


SoSaaaa 


111: 


1111 


ill 


■BBBBBB 


ill 


iggggg; 


111 


jgggggj 


111 


■■■■■■■ 


§§:§§§§ 


ggggggg 


OOBBBOD 


1|| 


■■■■■■■ 


110 


R1 
R11 


HI 


'•?••!■ 


DOQOODO 


111 


oobbbob 


ODDDOOO 


□□□□■ID 


HI 




III 


ggggjgg 


■DDDMOD 




ill 


OBOBBQO 


OOBBBOD 
■OOOOOB 
■OOOOOB 
OOBBBOD 


1,1 


R1 
R11 


I! 


Ill: 


obdbbbo 


111 


111 


111 


ioDDDoS 


■00*00* 


SSSSaSa 




■■■•■■■ 


oaaiiuD 


ill 


Hi 


||i 


OBOBOBD 



'CONSULT FACTORY FOR CUSTOM FONT AND CURSOR OPTION. 
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clock jmnjwuwLn^ 



mn 



fcRi r. 



n* 



M. 



cu^^i ^^c~> ^^^ r^ ^^^ r^ ^^^ r^ ^^^^ <~> ^^^> ><r^ 



7D0T F,1?D Id^VltfVUV^V^VI^VI^I^ 



8 8 D°OTF.i?D l^ld^d^VI bf kVlc^V Wl bf |tf*| ' H 



1*VW 



BF = Back Fill 



TYPICAL VIDEO OUTPUT 



74SXX 



CP 



500'..) 




CLK (to chip) 



LOAD/SHIFT 



CLK Q 

74S74 
D 



PE (to chip) 





NOTE 




The differences between the CRT 7004 and CG5004L-1 are detailed below: 




CG5004L-1 


CRT 7004 


1 


If both the Preset and Clear inputs are 
brought high simultaneously the Serial 
Output is disabled and may be wire-ORed. 


1 . Clear overrides Preset, no output disable is 
possible. 


2 


All Inputs V,H = Vcc — 1 -5v 


2. All inputs (except CLK) V IH = 2.0v, min. 
CLKV,h = 4.3v, min. 


3. 


SO Vol = 0.4v @ l 0L = 0.2mA 


3. SO Vol = 0.4v @ l 0L = 0.4mA 74LSXX load 


4. 


Shift Register is static 


4. Shift Register is dynamic 


5. 


Clear— directly forces the output low; when 
released, the output is determined by the 
state of the shift register output. 


5. Clear directly forces the output low and will 
be latched (for a character time) by PE. 


6 


General Timing Differences— See Timing 


6. General Timing Differences— See Timing 




Diagram 


Diagram 
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STANDARD MICROSYSTEMS 
CORPORATm^^^= 



CRT 7004-003 

(5X7 ASCII) 

CODING INFORMATION 



Dot Matrix Character Generator 





^V A3..A0 


0000 


0001 


0010 


0011 


0100 


0101 


0110 


0111 


1000 


1001 


1010 


1011 


110O 


1101 


1110 


1111 




A6..A4 N. 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 




000 


R1 
R11 


liiiili 


gggggog 


□■■■ODD 


S!!!§gg 


■■■■■DC 


ggggggg 


liiiili 


Illlfp 


DaaaoDD 


ggggggg 


ggggggg 


ggggggg 


r^iii'ni 


ggggggg 


nil 


ggsgsgg 


001 


m 

R11 


ill 


111§ 


liiiili 


ggggggg 


goognlo 


Sill 


liiiili 


ggggggg 


DODODDD 


ggggggg 


ddddodd 


gill 


■ill 


ggggggg 


lllllll 


liiiili 


010 


R1 
R11 


§111 


ggggggg 


lllllll 


ggggggg 


ggggggg 


ggggggg 


IIP 


ill 


Hi 


ggggggg 


ggggggg 


ggggggg 


lllllll 


Ulllll 


ggggggg 


§§§§§§§ 


011 


R1 
R11 


in 


ggggggg 


ggggggg 


ggggggg 


ODODDDD 




ISS.ggg 


|"||||| 


ggggggg 


111 


ill 


Hi 


ill 


ggggggg 


nil 


llllll 


100 


R1 
R11 


HI 


ggggggg 


ggggggg 


Sgggggg 


ggggggg 


lllllll 


mill 


l|||||| 


ggggggg 


lllllll 


lllllll 


ggggggg 


ggggggg 


ill 


ggggggg 


"gggSgo 


101 


R1 
R11 


ill 


ggggggg 


ggggggg 


ggggggg 


gglgggg 


■ggg'Rg 


ggggggg 


ggggggg 


ggggggg 


ggggggg 


ggggggg 


::§§§§§ 


111 


ggggggg 


mi 


nil 


110 


R1 
R11 


ill 


lllllll 


ggggggg 


111 


DDDDDDO 


ggggggg 


§srs§§§ 


ggggggg 


ggggggg 


ggggggg 


ggggggg 


ggggggg 


ggggggg 


ggggggg 


ggggggg 




111 


R1 
R11 


liiiili 


lliilii 


■IS 


1111 


liiiili 


■ill 


111 


ggggggg 


ggggggg 


Daagggg 


Ulllll 


ggggggg 


111 


111 


111 


ggggggg 



The Cursor for the CRT 7004-003 is presented as a double underscore on Rows 8 and 9. 



260 



STANDARD MICROSYSTEMS 
CORPORATION^ 



r 



CRT 9006-135 
CRT 9006-83 

/UPC FAMILY 



Single Row Buffer 
SRB 



FEATURES: 

□ Low Cost Solution to CRT Memory Contention Problem 

□ Provides Enhanced Processor Throughput for CRT 
Display Systems 

□ Provides 8 Bit Wide Variable Length Serial Memory 

□ Permits Active Video on All Scan Lines of Data Row 

□ Dynamically Variable Number of Characters per Data Row— 
... 64, 80, 132, ... up to a Maximum of 135 

□ Cascadable for Data Rows Greater than 135 Characters 

□ Stackable for Invisible Attributes or Character 
Widths of Greater than 8 Bits 

□ Three-State Outputs 

□ 4MHz Typical Read/Write Data Rate 

□ Static Operation 

□ Compatible with SMC CRT 5037, CRT 9007, and other 
CRT Controllers 

□ 24 Pin Dual In Line Package 

□ +5 Volt Only Power Supply 

□ TTL Compatible Inputs and Outputs 

□ Available in 135 Byte Maximum Length (CRT 9006-135) 
or 83 Byte Maximum Length (CRT 9006-83) 



PIN CONFIGURATION 











DOUT3 C 


1 ^ 


24 


Zl GND 


DOUT2 C 


2 


23 


Zl DOUT4 


DOUT1 C 


3 


22 


Zl DOUT5 


DOUT0 d 


4 


21 


Zl DOUT6 


CLK (Z 


5 


20 


Zl DOUT7 


WREN d 


6 | 


ll9 


Zl OE 


CLRCNT |Z 


?L_ 


J 18 


Z) OF 


CKEN (Z 


8 ' 


J 17 


Zl DIN7 


DIN0 d 


9 


16 


Zl DIN6 


DIN1 |Z 


10 


15 


Zl DIN5 


DIN2 d 


11 


14 


Zl DIN4 


DIN3 C 


12 


13 


Zl +5V 


Package: 24- 


pin D.I. P. 



APPLICATIONS: 

□ CRT Data Row Buffer 

□ Block-Oriented Buffer 

□ Printer Buffer 

□ Synchronous Communications Buffer 

□ Floppy Disk Sector Buffer 



GENERAL DESCRIPTION 



The SMC Single Row Buffer (SRB) provides a low cost solu- 
tion to memory contention between the system processor and 
CRT controller in video display systems. 
The SRB is a RAM-based buffer which is loaded with character 
data from system memory during the first scan line of each 
data row. While data is being written into the RAM it is also 
being output through the multiplexer onto the Data Ouput 



(DOUT) Lines. During subsequent sc an line s in the data row, 
the system will disable Write Enable (WREN) and cause data 
to be read out from the internal RAM for CRT screen refresh, 
thereby releasing the system memory for processor access 
for the remaining N-1 scan lines where N is the number of 
scan lines per data row. The SRB enhances processor through- 
put and permits a flicker-free display of data. 



™ , £> 



H 



=>; 



^ 



*Z=> 
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DESCRIPTION OF PIN FUNCTIONS 



PIN NO. 


NAME 


SYMBOL 


FUNCTION 


1-4 


DATA OUTPUTS 


DOUT3-DOUT0 


Data Outputs from the internal output latch. 


5 


CLOCK 


CLK 


Character clock. The negative-going edge of CLK clocks the 
latches. When CKEN (pin 8) is high, CLK will increment the 
address counter. 


6 


WRITE ENABLE 






WREN 


When WREN is low, data from the input latch is transferred directly 
to the output latch and simultaneously written into sequential 
locations in the RAM. 


7 


CLEAR COUNTER 






CLRCNT 


A negative transition on CLRCNT clears the RAM address counter. 
CLRCNT is normally asserted low near the beginning of each 
scan line. 


8 


CLOCK ENABLE 


CKEN 


When CKEN is high, CLK will clock the address counter. The 
combination of CKEN high and WREN low will allow the writing 
of data into the RAM. 


9-12 


DATA INPUTS 


DIN0-DIN3 


Data Inputs from system memory. 


13 


POWER SUPPLY 


Vcc 


+5 Volt supply. 


14-17 


DATA INPUTS 


DIN4-DIN7 


Data Inputs from system memory. 


18 


OVERFLOW FLAG 


OF 


This output goes high when the RAM address counter reaches its 
maximum count. If cascaded operation of multiple CRT 9006's is 
desired for more than 135 bytes, OF may be used to drive the 
CKEN input of the second row buffer chip. 


19 


OUTPUT ENABLE 


OE 


When OE is low, the data outputs DOUT0-DOUT7 are enabled. 
When OE is high, DOUT0-DOUT7 present a high impedance 
state. 


20-23 


DATA OUTPUTS 


DOUT7-DOUT4 


Data Outputs from the internal output latch. 


24 


GROUND 


GND 


Ground. 



OPERATION 



For CRT operation, the Write Enable (WREN) signal is 
made active for the durati on of the t op scan line of each 
data row. Clear Counter (CLRCNT) typically occurs at 
the begi nning of e ach scan line (HSYNC may be used as 
input to CLRCNT). Data is continually clocked into the 
input latch by CLK. When Clock Enable (CKEN) occurs, 
the data in the input latch (Write Data) is written into the 
first location of RAM. At the negative-going edge of the 
next clock, the address counter is incremented, the next 
input data is latched into the input latch, and the new data 
is then written into the RAM. Loading the RAM continues 
until one clock after CKEN goes inactive or until the 



RAM has been fully loaded (135 bytes). While data is 
being written into the RAM, it is also being output through 
the multiplexer onto the Data Output (DOUT) lines. Each 
byte is loaded into the output latch one clock time later 
than it is written into the RAM. Output of the data during 
the first scan line permits the Video Display Controller 
(such as the CRT 8002) to display video on the first scan 
line. During subsequent scan lines in thedata row, thesys- 
tem will disable Write Enable (WREN) and causedatato be 
read out from the internal RAM, thereby freeing the sys- 
tem memory for processor access for the remaining N-1 
scan lines where N is the number of scan lines per data row. 
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MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range 0° C to + 70° C 

Storage Temperature Range -55°C to+ 150°C 

Lead Temperature (soldering, 10 sec.) +325° C 

Positive Voltage on any Pin, with respect to ground +8.0V 

Negative Voltage on any Pin, with respect to ground -0.3V 

'Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 

functional operation of the device at these or at any other condition above those indicated in the operational 

sections of this specification is not implied. 



ELECTRICAL CHARACTERISTICS (T A = 0° 


C to 70° C, V cc = +5 ±5% 


unless otherwise noted) 


PARAMETER 


MIN 


TYP 


MAX 


UNITS 


COMMENTS ^-—-"^l 


DC CHARACTERISTICS 










-^-^TuAW 


Input Voltage Levels 
Low Level V L 






0.8 


V 




High Level V H 


2.0 






V 


\so^!^>^^ 


Output Voltage Levels 












Low Level Vol 






0.4 


V 


loL = 2mA 


High Level Voh 


2.4 






V 


Ioh^-100/uA 


Input Current 






10 


fjA 


0<Vi N <Vcc 


Leakage, In. 












Output '1' Leakage 






10 


fjA 




Output '0' Leakage 






10 


/jA 




(Off State) 












Input Capacitance 












CLK 




30 


45 


pF 




All other inputs 




10 


15 


P F 




Power Supply Current 












Ice (SRB-135) 






115 


mA 




Ice (SRB-83) 






100 


mA 




AC CHARACTERISTICS 












CV (SRB135) 


300 


250 




ns 




(SRB83) 


400 


330 




ns 




tcKL 












(SRB135) 


240 


190 


DC 


ns 




(SRB83) 


320 


250 


DC 


ns 




tcKH 












(SRB135) 


28 




5000 


ns 




(SRB83) 


34 




5000 


ns 




tcKR 












(SRB135) 






10 


ns 


tcKH = 28ns 


(SRB83) 






10 


ns 


tcKH = 34ns 


tcKF 












(SRB135) 






10 


ns 


tcKL =240ns 


(SRB83) 






10 


ns 


tcLK = 320ns 


tDSET 


65 






ns 




tDHOLD 









ns 




tENCKP 









ns 




tENCKN 












(SRB135) 


100 






ns 




(SRB83) 


125 






ns 




tENHOLD 









ns 




twRCKN 












(SRB135) 


100 






ns 




(SRB83) 


125 






ns 




twENHLD 









ns 




tDOUT 






175 


ns 


C L = 50pF 


tTSON 






175 


ns 




tTSOFF 






175 


ns 




toFON 






175 


ns 


C L =30pF 


tcLRS 












(SRB135) 


100 






ns 




(SRB83) 


125 






ns 




tcLRH 









ns 





.i**!S£ 



B o<3 e - 
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FIGURE 1: AC CHARACTERISTICS 
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FIGURE 2: SINGLE ROW BUFFER READ TIMING 
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FIGURE 3: SINGLE ROW BUFFER WRITE TIMING 
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Notes: N = 134 FOR CRT9006-135 
N = 82 FOR CRT9006-83 
tap = 1 CLK PERIOD (min.) 
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PROCESSOR 
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FIGURE 2: TYPICAL CRT CONTROLLER CONFIGURATION WITH SINGLE ROW BUFFER 



FIGURE 4: 
TYPICAL READ TIMING FOR SRB CASCADED CONFIGURATION 
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Notes: N = 134 FOR CRT9006-135 
N = 82 FOR CRT9006-83 
EXAMPLE IS FOR N+3 CHARACTERS TOTAL 
A, B REFER TO DEVICES A&B IN FIGURE 5 



FIGURE 5: 
TYPICAL CASCADE OF SINGLE ROW BUFFERS— 270 BYTES TOTAL 
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STANDARD MICROSYSTEMS 
CORPORATION. 



1516)273-3100 TWX-510-227-8898 

We keep ahead of our competition so you can keep ahead of yours 



Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATm^^^= 



CRT 9212 

|XPC FAMILY 



Double Row Buffer 
DRB 



FEATURES 

□ Low Cost Solution to CRT Memory 
Contention Problem 

□ Provides Enhanced Processor Throughput for 
CRT Display Systems 

□ Replaces Shift Registers or Several RAM and 
Counter IC's in CRT Display System 

□ Permits Display of One Data Row While Next 
Data Row is Being Loaded 

□ Data May be Written into Buffer at Less Than 
the Video Painting Rate 

□ Double Data Row Buffer Permits Second Data 
Row to be Loaded Anytime during the Display 
of the Preceding Data Row 

□ Permits Active Video on All Scan Lines of 
Data Row 

□ Dynamically Variable Number of Characters 
per Data Row— ...64,80, 132, ...up to 

a Maximum of 135 

□ Cascadable for Data Rows Greater than 
135 Characters 

□ Stackable for "Invisible Attributes" 

or Character Widths of Greater than 8 Bits 



PIN CONFIGURATION 


DIN2 1 LZ 
DIN1 2LZ 

DINO 3rz 

DOUT7 4fZ 

DOUT6 5rz 

DOUT5 6rZ 

DOUT4 7fZ 

Vcc 8q; 

DOUT3 9fZ 

DOUT2 10rZ 

DOUT1 11 rz 

DOUT0 12rZ 

DIN7 13C 

DIN6 14C 


W 


ID 28 DIN3 
ID 27 WCLK 
ZD 26 OE 
Z) 25 WEN2 
ZJ 24 WEN1 
Zl 23 GND 
Z] 22 ROF 
^ 21 WOF 
Zl 20 REN 






ZJ 19 CLRCNT 
ID 18 TOG 
Zl 17 RCLK 
Zl 16 DIN4 
ZD15 DIN5 


PACKAGE 28-pin D.I. P. 



□ Three-State Outputs 

□ Up to 4 MHz Read/Write Data Rate 

□ Compatible with SMC CRT 5037, CRT 9007, 
and other CRT Controllers 

□ 28 Pin Dual-ln-Line Package 

□ + 5 Volt Only Power Supply 
DTTL Compatible 



GENERAL DESCRIPTION 



The CRT 921 2 Double Row Buffer (DRB) provides 
a low cost solution to memory contention between the 
system processor and the CRT controller in video dis- 
play systems. 

The CRT 9212 DRB is a RAM-based buffer which 
provides two rows of buffering. It appears to the sys- 
tem as two octal shift registers of dynamically vari- 
able length (2-135 bytes) plus steering logic. 

The CRT 921 2 permits the loading of one data row 



while the previous data row is being displayed. The 
loading of data may take place during any of the scan 
line times of the data row. This relaxed time-con- 
straint allows the processor to perform additional 
processing on the data or service other high priority 
interrupt conditions (such as a Floppy Disk DMA 
request) which may occur during a single video scan 
line. The result is enhanced processor throughput and 
flicker-free display of data. 
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FIGURE 1: 

CRT 9212 DOUBLE ROW BUFFER BLOCK DIAGRAM 
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FIGURE 2: CRT 9212 DOUBLE ROW BUFFER READ TIMING 
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DESCRIPTION OF PIN FUNCTIONS 



PIN NO. 


NAME 


SYMBOL 


FUNCTION 


3-0, 28, 
16-13 


Data inputs 


DIN0-DIN7 


DIN0-DIN7 are the data inputs from the system memory. 


12-9, 7-4 


Data outputs 


DOUT0- 
DOUT7 


DOUT0-DOUT7 are the data outputs from the CRT 9212 internal data output 
latch. Valid information will appear on DOUT0-DOUT7 two RCLK periods after 
the rising edge of REN. This introduces two pipeline delays when supplying data 
to the character generator. 


17 


Read Clock 


RCLK 


RCLK increments the current "read" address register, clocks data through the 
"read" buffer and moves data through the internal pipeline at the trailing edge. 


18 


Toggle Signal 


TOG" 


TOG alternates the function of each buffer between read and write. TOG nor- 
mally occurs at every data row boundary. Switching of the buffers occurs when 
both TO~G~ and CLRCNT are low. 


19 


Clear Counter 


CLRCNT 


Clear Counter clears the current "read" address counter at the next RCLK posi- 
tive edge. CLRCNT is normally asserted low at the beqinninq of each horizontal 


retrace interval. CLRCNT clears the current "write" address counter when the 
TOG is active. 


20 


Read Enable 


REN 


REN enables the loadinq of data from the selected "read" buffer into the output 
latch. Data is loaded when Read Clock is active. 


21 


Write Overflow 


WOF 


WOF high indicates that data is being written into the last memory position (posi- 
tion 1 35). When WOF is high, further writing into the selected "write" buffer is dis- 
abled. WOF may be connected to the WEN1 or WEN2 inputs of a second CRT 
921 2 for cascaded operation where data row lengths of greater than 1 35 charac- 
ters are desired. See figure 4. 


22 


Read Overflow 


ROF 


The Read Overflow output is high when data is being read from the last memory 
position (position 135). ROF high disables further reading from the selected 
"read" buffer. ROF may be connected to the REN input of a second CRT 9212 for 
cascaded operation where data row lengths of greater than 135 characters are 
desired. DOUTO-7 will switch into a hiqh impedance state at the second positive 
transition of RCLK after ROF goes high. See figure 4. 


24,25 


Write Enable 


WEN1, 
WEN 2 


WEN allows input data to be written into the selected "write" buffer during WCLK 
active. Both WEN1 and WEN 2 must be high to enable writing. WEN1 has an 
internal pullup resistor allowing it to assume a high if pin 24 is left open. 


26 


Output Enable 


OE 


When the 0~E input is low, the data outputs DOUT0-DOUT7 are enabled. When 
0~E is high, DOUT0-DOUT7 present a high impedance state. 0~E has an internal 
pulldown resistor allowing it to assume a low if pin 26 is left open. 


27 


Write Clock 


WCLK 


WCLK clocks input data into the selected "write" buffer and increments the cur- 
rent "write" address register when WEN1 and WEN2 are high. 


8 


Power Supply 


Vcc 


+ 5 Volt supply 


23 


Ground 


GND 


Ground 



OPERATION 



Figure 1 illustrates the internal architecture of the CRT 
9212. It contains 135 bytes of RAM in each of its two buff- 
ers. In normal operation, data is written into the inp ut latch 
on the positive-going edge of Write Clock (WCLK). When 
both W rite Enable (WEN1 , WEN 2) signals go high, the next 
WCLK causes data from the input latch to be written into 
the selected buffer (1 or 2) and the associated address 
counter to be incremented by one. Loading of the selected 
RAM buffer continues until WEN goes inactive dr until the 
buff er has been fu ll y load ed. At the next data row boundary, 
t he Toggl e Signal (TOG) will go low. Wh e n Clea r Counter 
(CLRCNT) goes low, the next Read Clock (RCLK) will begin 
to reset both buffer address counters to zero, switching the 
buffer just loaded from a "write buffer" to a "read buffer", 
permitting the next row of data to be written into the other 
buffer. Data from the current "read" buffer is read out of the 
buffer and to the outpu t latch whenev er Read Enable (REN) 
is high during a Read Clock (RCLK). Each read-out from 



the buffer RAM causes the "read" address counter to be 
incremented. REN is normally high during the entire visible 
line time of each scan line of the data row. CLRCNT resets 
the prese nt "read" address counter. The negative edge of 
CLRCNT is detected by the CRT 921 2 and the inter nal "read" 
address counter is cleared independent of the CLRCNT 
pulse width. The CLRCNT input may be tied to the REN 
input for proper operation. 

Figures 2 and 3 illustrate the functional timing for reading 
and writing the CRT 9212. It is possible to cascade two or 
more CRT 921 2's to allow for data storage greater than 1 35 
bytes by employing the read overflow (ROF) and write 
overflow (WOF) outputs. Figure 4 illustrates two CRT 921 2's 
cascaded together. 

The CRT 9212 is compatible with the CRT 9007 video 
processor and controller (VPAC™) and the CRT 8002 video 
display attributes controller (VDAC™). A typical video 
configuration employing the three parts is illustrated in 
figure 5. 
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MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range 0°C to + 70°C 

Storage Temperature Range - 55°C to + 1 50 C C 

Lead Temperature (soldering, 10 sec.) + 325°C 

Positive Voltage on any Pin, with respect to ground + 8.0V 

Negative Voltage on any Pin, with respect to ground - 0.3V 

'Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operation of the 
device at these or at any other condition above those indicated in the operational sections of this specification is not implied. 



ELECTRICAL CHARACTERISTICS (T A = 0°C to 70°C, V cc - + 5V ± 5%) 



PARAMETER 


MIN 


TYP 


MAX 


UNITS 


COMMENTS ~-—^_ 


DC CHARACTERISTICS 

INPUT VOLTAGE LEVELS 
Low Level V IL 


2.0 
4.2 




0.8 


V 
V 
V 




High Level V IH1 


excluding RCLK; WCLK 


High Level V 1H2 


RCLK, WCLK 


OUTPUT VOLTAGE LEVELS 
Low Level V 0L 
High Level V OH 


2.4 




0.4 


V 
V 




INPUT LEAKAGE CURRENT 
High Leakage l LH1 
Low Leakage l LL1 
High Leakage l LH2 
Low Leakage \ LLZ 






10 

10 

400 

400 


|xA 
|xA 
|xA 

(jlA 


excluding UE 
excluding WEN1 
WEN1 
OE 


INPUT CAPACITANCE 




10 
15 




PF 
PF 




C|N1 
'-'IN2 


excluding RCLK, WCLK 
RCLK, WCLK 


POWER SUPPLY CURRENT 

Ice 




100 




mA 





AC CHARACTERISTICS 1 



tcYW 


300 






ns 


Write clock period 


'CYR 


300 






ns 


Read clock period 


ICKH 


247 




DC 


ns 




'CKL 


33 






ns 




'CKR 






10 


ns 


measured from 10% to 90% points 


'CKF 






10 


ns 


measured from 90% to 10% points 


'ds 


50 






ns 


referenced to WCLK 


'dh 









ns 


referenced to WCLK 


t EN1 2 









ns 




'EN2 2 


100 






ns 




'enh 2 







175 


ns 
ns 




tov 


C L = 50 pF; referenced from RCLK 


'doff 






175 


ns 




'don 






175 


ns 




toF 3 






175 


ns 


C L = 30 pF 


tcs 


100 






ns 




'CH 









ns 




W 




1'CYW 









1 - Reference points for all A C param eters are 2.4V high and 0.4V low. 

2- For REN, referenced from RCLK; for WEN1 or WEN2 refer enced t o WCLK. 

3 - For ROF, referenced from RCLK; for WOF refere nced from W CLK. 

4 - At least 1 WCLK rising edge must occur between CLRCNT or TOG (whichever occurs last) and WEN ( = 



WEN1-WEN2). 
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FIGURE 5: CRT 9212 CONFIGURED WITH THE CRT 9007 VPAC AND THE CRT 8002 VDAC ™ 
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FIGURE 6: CRT 9212 I/O TIMING 
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FIGURE 3: CRT 9212 DOUBLE ROW BUFFER WRITE TIMING 
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FIGURE 4: CRT 9212 CASCADED CONFIGURATION 
FOR DATA ROW LENGTHS UP TO 270 CHARACTERS 
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STANDARD MICROSYSTEMS 
CORPORATION^^^^s 



CRT 8021 
CRT 8021-003 

/UPC FAMILY 



CRT Video Attributes Controller 

Video Generator 

VAC 



FEATURES 

D ON CHIP VIDEO SHIFT REGISTER 
Maximum shift register frequency— 20MHz 
Maximum character clock rate— 2.5MHz 

□ ON CHIP HORIZONTAL AND VERTICAL RETRACE 
VIDEO BLANKING 

DON CHIP GRAPHICS GENERATION 

DON CHIP ATTRIBUTE LOGIC-CHARACTER, FIELD 

Reverse video 

Character blank 

Character blink 

Underline 

Strike-thru 
DON CHIP BLINKING CURSOR 

□ ON CHIP DATA BUFFER 

□ ON CHIP ATTRIBUTE BUFFER 

□ +5 VOLT OPERATION 
DTTL COMPATIBLE 

□ MOS N-CHANNEL SILICON-GATE COPLAMOS® 
PROCESS 



PIN CONFIGURATION 


VIDEO 1 C 


W 


Zl 28 RETBL 


LD/SH 2 C 




Zl 27 CURSOR 


VDO 3 C 




ZJ 26 MS0 


A0 4 Q 




ZJ 25 MSI 


A1 5 Q 
A2 6 C 




Zl 24 BLINK 
Zl 23 VSYN 




A3 7 rj 




Z) 22 CHABL 


A4 8 C 




Z) 21 REVID 


A5 9 C 
A6 10 C 




ZJ 20 UNDLN 
ZJ 19 STKRU 




A7 11 q 




Z) 18 ATTBE 


Vcc 12 Q 




Zl 17 GND 


R2 13 d 




Zl 16 R0 


R3 14 C 




ZJ 15 R1 





□ COMPATIBLE WITH CRT 5027/37 VTAC® AND 
CRT 9007 VPAC 



GENERAL DESCRIPTION 



The SMC CRT 8021 Video Attributes Controller (VAC) 
is an n-channel COPLAMOS® MOS/LSI device. It con- 
tains wide and thin graphics logic, attributes logic, a 
data latch, field and character attribute latch, a blinking 
cursor, and a high speed video shift register. The CRT 
8021 VAC is a companion to SMC's CRT 5027/37 VTAC® 
or CRT 9007 VPAC. The CRT 8021 and a character ROM 
combined with either a CRT 5027/37 or a CRT 9007 com- 
prises the major circuitry required for the display portion 
of a CRT video terminal. 

The CRT 8021 video output may be connected directly 
to a CRT monitor video input. The CRT 5027/37 or 
CRT 9007 blanking output can be connected directly to 
the CRT 8021 retrace blank input to provide both horizon- 
tal and vertical retrace blanking of the video output. 

A blinking cursor is available on the CRT 8021. There is a 
separate cursor blink rate which is twice the character 
blink rate and has a duty cycle of 50/50. 

The CRT 8021 attributes include: reverse video, character 
blank, blink, underline, and strike-thru. The character 
blink rate has a duty cycle of 75/25. The underline and 
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strike-thru are similar but independently controlled 
functions. These attributes are available in all modes. 

The thin graphic mode enables the user to create single 
line drawings and forms. 

In the wide graphic mode the CRT 8021 produces a 
graphic entity the size of the character block. The graphic 
entity contains 8 parts, each of which is associated with 
one bit of a graphic byte, thereby providing 256 unique 
graphic symbols. Thus, the CRT 8021 can produce either 
alphanumeric symbols or various graphic entities 
depending on the mode selected. The mode can be 
changed on a per character basis. 

The CRT 8021 is available in two versions. The CRT 8021 
provides an eight-part graphic entity which fills the 
character block. The CRT 8021 is designed for seven dot 
wide, nine or eleven dot high characters in nine by twelve 
or ten by twelve character blocks. 

The CRT 8021-003 provides a six part graphic entity for 
five by seven or five by nine characters in character blocks 
of up to seven by ten dots. 



ROW ADDRESS 
R0-R3 



BLOCK DIAGRAM 



ADDRESS/DATA 
INPUTS 



CURSOR 

RETRACE BLANK - 

ATTRIBUTE ENABLE 

MODE SELECT - 
MODE SELECT 1 — 

REVERSE VIDEO - 
CHARACTER BLANK-"- 

UNDERLINE 

BLINK 



ADDRESS/ 
DATA 
LATCH 



STRIKE THRU 



ZL 



ATTRIBUTE 
LATCH 



VIDEO DOT C LOCK 
LOAD/SHIFT 



STRIKE-THRU 
SELECT 



A 



UNDERLINE 
SELECT 



IV 



-— I LOGIC \ 



•- LOGIC 



CURSOR RATE 



LOGIC CHARACTER RATE 



LINE 
DECODER 



^J 



A7 Aflf 



ATTRIBUTE 
LOGIC 



iz 



GRAPHIC 
y\ LOGIC 



D 


SHIFT 




CP 


REGISTER 


Q 


SR0 


8 BIT 


SR7 



ALL INPUTS 

(except VDCLD/SH) 



VIDEO 
OUTPUT 



FIGURE 1 
AC TIMING DIAGRAM 



L»pw„*4 




PW L 



4'h 



j-^-t H OLD*^ 



x 



2.0V 
■^ 0.8V 
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MAXIMUM GUARANTEED RATINGS" 

Operating Temperature Range 0°C to + 70° C 

Storage Temperature Range — 55°Cto+150°C 

Lead Temperature (soldering, 10 sec.) +325° C 

Positive Voltage on any Pin, with respect to ground +8.0V 

Negative Voltage on any Pin, with respect to ground —0.3V 

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only 

and functional operation of the device at these or at any other condition above those indicated in the 

operational sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that 

the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies 

exhibit voltage spikes or "glitches" on their outputs when the AC power is switched on and off. 

In addition, voltage transients on the AC power line may appear on the DC output. If this possibility 

exists it is suggested that a clamp circuit be used. 



ELECTRICAL CHARACTERISTICS (T A = 0°C to70°C, V C c = +5V±5%, unless otherwise noted) 



Parameter 


Min. 


Typ. 


Max. 


Unit 


Comments 


D.C. CHARACTERISTICS 












INPUT VOLTAGE LEVELS 












Low-level, Vl 






0.8 


V 


excluding VDC 


High-level, Vih 


2.0 






V 


excluding VDC 


INPUT VOLTAGE LEVELS-CLOCK 












Low-level, V L 






0.8 


V 




High-level, Vih 


4.3 






V 


See Figure 7 


OUTPUT VOLTAGE LEVELS 












Low-level, Vol 






0.4 


V 


Iol = 0.4 mA,74LSXX load 


High-level, Voh 


2.4 






V 


I oh = -20 a/A 


INPUT CURRENT 












Leakage, l L (Except CLOCK) 






10 


//A 


0<Vin<V cc 


Leakage, l L (CLOCK Only) 






50 


/vA 


0<Vin<V cc 


INPUT CAPACITANCE 












Data 




10 




pF 


@1 MHz 


LD/SH 




20 




pF 


@1 MHz 


CLOCK 




25 




PF 


@1 MHz 


POWER SUPPLY CURRENT 












Ice 




100 




mA 




A.C. CHARACTERISTICS 












See Figure 6, 7 













Not 



S0 ^^-' 



""■'<: ij/n, 






*-»^.te 



SYMBOL 


PARAMETER 


CRT 8021 


UNITS 


MIN. 


MAX. 


VDC 


Video Dot Clock Frequency 


1.0 


20 


MHz 


PW H 


VDC— High Time 


15.0 




ns 


PW L 


VDC — Low Time 


15.0 




ns 


tcY 


LD/SH cycle time 


400 




ns 


tr, t, 


Rise, fall time 




10 


ns 


tsET-UP 


Input set-up time 


>0 




ns 


tHOLD 


Input hold time 


15 




ns 


tpDI, tpDO 


Output propagation delay 


15 


50 


ns 


tl 


LD/SH set-up time 


10 




ns 


t 2 


LD/SH hold time 


5 




ns 
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DESCRIPTION OF PIN FUNCTIONS 



PIN NO. 


SYMBOL 


NAME 


INPUT/ 
OUTPUT 


FUNCTION 


1 


VIDEO 


Video Output 





The video output contains the dot stream for the selected row of the wide graphic, thi n 
graphic, or external character after processing by the attribute logic, and the retrace 
blank and cursor inputs. 

The timing of the Load/Shift pulse will determine the number of additional ( , 

zero to N) backfill zeros (or ones if in REVID) shifted out. See figure 4. 

When the next Load/Shift pulse appears the next character via the attribute logic, is 

parallel loaded into the shift register and the cycle repeats. 


2 


LD/SH 


Load/Shift 


I 


The 8 bit shift-register parallel-in load or serial-out shift modes are established by 
the Load/Shift input. When low, this input enables the shift register for serial 
shifting with each Video Dot Clock pulse. When high, the shift register parallel 
(broadside) data inputs are enabled and synchronous loading occurs on the next 
Video Dot Clock pulse. During parallel loading, serial data flow is inhibited. The 
Address/Data inputs (AD-A7) are latched on the negative transition of the 
Load/Shift input. See timing diagram, figure 1. 


3 


VDC 


Video Dot Clock 


I 


Frequency at which video is shifted. 


4-11 


A0-A7 


Address/Data 


I 


In the External Mode, A0-A7 is used to insert an 8 bit word from a user defined 
external ROM, PROM or RAM into the on-chip Attribute logic. In the wide Graphic 
Mode A0-A7 is used to define one of 256 graphic entities. In the thin Graphic 
Mode A0-A2 is used to define the 3 line segments. 


12 


Vcc 


Power Supply 


PS 


+5 volt power supply. 


13,14,15,16 


R2,R3,R1,R0 


Row Address 


I 


These 4 binary inputs define the row address in the current character block. 


17 


GND 


Ground 


GND 


Ground 


18 


ATTBE 


Attribute Enable 


I 


A positive level on this input enables data from the Reverse Video, Character Blank, 
Underline, Strike-Thru, Blink, Mode Select 0, and Mode Select 1 inputs to be strobed 
into the on-chip attribute latch at the negative transition of the Load/Shift pulse. 
The latch loading is disabled when this input is low. The latched attributes will remain 
fixed until this input becomes high again. To facilitate attribute latching on a character 
by character basis, tie ATTBE high. See timing diagram, figure 1. 


19 


STKRU 


Strike-Thru 


I 


When this input is high and RETBL = 0, the parallel inputs to the shift register are 
■ forced high (SR0-SR7), providing a solid line segment throughout the character 
block. The operation of strike-thru is modified by Reverse Video (see table 1). The 
strike-thru is a double line on rows R5 and R6 for the CRT 8021 and a single line on 
row R4 for the CRT 8021-003. 


20 


UNDLN 


Underline 


I 


When this input is high and RETBL = 0, the parallel inputs to the shift register are 
forced high (SR0-SR7), providing a solid line segment throughout the character 
block. The operation of underline is modified by Reverse Video (see table 1). The 
underline is a single line of R11 for the CRT 8021 and a single line on R8 for the 
CRT 8021 -003. 


21 


REVID 


Reverse Video 


I 


When this input is low and RETBL — 0, data into the Attribute Logic is presented 
directly to the shift register parallel inputs. When reverse video is high data into the 
Attribute Logic is inverted and then presented to the shift register parallel inputs. 
This operation reverses the data and field video. See table 1. 


22 


CHABL 


Character Blank 


I 


When this input is high, the parallel inputs to the shift register are all set low, provid- 
ing a blank character line segment. Character blank will override blink. The operation 
of Character Blank is modified by the Reverse Video input. See table 1. 


23 


VSYNC 


VSYNC 


I 


This input is used as the clock input for the two on-chip blink rate dividers. 
The cursor blink rate (50/50 duty cycle) will be twice the character blink rate 
(75/25 duty cycle). 


24 


BLINK 


Blink 


I 


When this input is high and RETBL = and CHABL = 0, the character will blink at 
the character blink rate. Blinking is accomplished by blanking the character 
block with the internal Character Blink clock. The character blink rate is 1.875 Hz 
when VSYNC = 60 Hz. 


25 
26 


MS1 
MS0 


Mode Select 1 
Mode Select 


I 

I 


These 2 inputs define the three modes of operation of the CRT 8002 as follows: 
Thin Graphics Mode— In this mode A0-A2. (A3-A7 — X) will be loaded into the thin 
graphic logic along with the row addresses. This logic will define the segments 
of a graphic entity as defined in figure 6. 

Character Mode — In this mode the inDuts A0-A7aodirectlvfromthecharacterlatch 
into the shift register via the attribute logic. Thus the user may define external charac- 
ter fonts or graphic entities in an external PROM, ROM or RAM. See figure 3. 

Wide Graphics Mode — In this modethe inputs A0-A7 will define a araphic entity as 
described in figure 5. Each line of the graphic entity is determined by the wide graphic 
logic in conjunction with the row inputs R0 to R3. In this mode each segment of the 
entity is defined by one of the bits of the 8 bit word. Therefore, the 8 bits can define any 
1 of the 256 possible graphic entities. These entities can butt up against each other to 
form a contiguous pattern or can be interspaced with alphanumeric characters. Each 
of the entities occupies the space of 1 character block and thus requires 1 
byte of memory. 
These 3 modes can be intermixed on a per character basis. 


MS1 


MS0 


MODE 


1 





1 



Thin Graphics 
Character Mode 
Wide Graphics 








27 


CURSOR 


Cursor 


I 


When this input is enabled the cursor will be activated. The cursor will be a blinking (at 
3.75 Hz when V SYNC =60 Hz) reverse video block. In this mode the Character Block is 
set to reverse video at the cursor blink rate. The Character Block will alternate between 
normal video and reverse video. 


28 


RETBL 


Retrace Blank 


I 


When this input is latched high, the shift register parallel inputs are unconditionally 
cleared to all zeros and loaded into the shift register on the next Load/Shift pulse. This 
blanks the video, independent of all attributes, during horizontal and vertical retrace time. 
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TABLE 1 



CURSOR 


RETBL 


REVID 


CHABL 


UNDLN* 


FUNCTION 


X 


1 


X 


X 


X 


"0" (S.R.)AII 

















D (S.R.)AII 














1 


"1" (S.R.)* 
D (S.R.) All others 











1 


X 


"0" (S.R.) All 








1 








D (S.R.) All 








1 





1 


"0" (S.R.)* 
D (S.R.) All others 








1 


1 


X 


"1" (S.R.) All 


Blink** REVID Block 
















' 


Blink** REVID Block 











1 






Blink** REVID Block 








1 


X 




Alternate Normal Video/REVID 


Blink** REVID Block 





1 








1 


At Cursor Blink Rate 


Blink** REVID Block 





1 





1 






Blink** REVID Block 





1 


1 


X 




I 



*At Selected Row Decode **At Cursor Blink Rate 
Note: If Character is Blinking at Character Rate, Cursor will change it to Cursor Blink Rate 



FIGURE 2 
TYPICAL CHARACTER MODE BLOCK FORMATS 



(ALL ZEROS) 
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ROWS 


R3 


R2 


R1 


R0 


-•►0 


— — R0 






































R1 











1 
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— — R14 




1 


1 





Lo 























— — R15 




1 


1 


1 



CRT 8021-003 





o ! o 



i_o 
o "o" 



C7 C6 C5 C4 C3 C2 C1 C0 



V. 



COLUMN 7 IS SHIFTED OUT FIRST 



C7 C6 
EXTENDED ZEROS (BACK 
FILL) FOR INTERCHARACTER 
SPACING (NUMBER 
CONTROLLED BY LD/SH, 
VDC TIMING) 



Note: Dotted line shows typical character display area. 



C5 C4 C3 C2 C1 C0 



FIGURE 3 
CHARACTER MODE 

MS0 = 1 MS1= 

C7 C6 C5 C4 C3 C2 C1 C0 BF BF 



RD— R15 



A7 


A6 


A5 


A4 


A3 


A2 


A1 


A0 


A7 


A7 





BF = back fill 
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FIGURE 4. TYPICAL VIDEO OUTPUT— CHARACTER MODE 




8 DOT 9 DOT! 

j_FI_ELD| j FIEL D j 



VIDEO DATA 

8 DOT FIELD 

VIDEO DATA 

9 DOT FIELD 



[Z 


A6 


A5 


A4 


A3 


A2 


A1 


AO 


A7 


A6 


A5 


A4 


A3 


A 2 


A1 


AO 


A7 


AS 


ASI 




LZ 


AS 


A5 


A4 


A3 


A 2 


A1 


AO 


A7 


A7 


A6 


AS 


A4 


A3 


A2 


A1 


AO 


A7 


A7 



3 LINES* 
3 LINES 
3 LINES 
3 LINES 



3 



| A6 | A5 j 



FIGURE 5 
WIDE GRAPHICS MODE 

MS0 = MS1 = 

CRT 8021 



HI 



•ON CHIP ROM PROGRAMMABLE TO 2, 3, OR 4 LINE MULTIPLES 
•CAN BE PROGRAMMED FROM 1 TO 7 BITS 
•LENGTH DETERMINED BY LD/57T, VDC TIMING 



EXAMPLE: 10010110 



mm 






WM, 




WWA 


'WWfc. 





C7 C6 C5 C4 C3 C2 C1 CJJ BF BF-- 

1 \ V 




CRT 8021-003 



C7 C6 C5 C4 C3 C2 CI Cg 




FIGURE 6 
THIN GRAPHICS MODE 

MS0 = MS1 = 1 



CRT 8021 



C7 C6 C5 C4 C3 C2 CI Cg BF BF . 



= DON'T CARE 
THE INSIDE SEGMENT IS MASK PROGRAMMABLE 
TO ROW 0000 
LENGTH DETERMINED BY LD/5H, VDC TIMING 




NOTE: When A1 = "1 ', the underline 
row/rows are deleted. 
When A1 = "O", the underline 
if selected, will appear. 

BF = back fill 



CRT 8021-003 



C7 C6 C5 C4 C3 C2 C1 Cg BF 



1 

A0 

WZZ&ZEZA 
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FIGURE 7 



74SXX 



500n 



CP 




VDC(tochip) 



LOAD/SHIFT external - 



CLK Q 

74S74 
D 



LD/SH(tochip) 



FIGURE 8 

TYPICAL CRT 8021 CONFIGURATION 

FOR COMBINED CHARACTER AND GRAPHICS MODES 



SYSTEM RAM 
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BUFFER 
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STATE 
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ROM 
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RETRACE 
R3-R0 BLANKING CURSOR 
4, 



$ 



i r 



ATTRIBUTES (RV.CB.CBLANK, ATTEN.STKTU.MS1 



5> 



'LATCH MAY OR MAY NOT BE REQUIRED DEPENDING ON SYSTEM TIMING. 



VIDEO DOT CLOCK 
CHARACTER CLOCK 



VAC 

CRT 8021 



_n 



VIDEO 
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MONITOR 
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"-**- 1 r^-" couj 



VIDEO DOT- 
CLOCK 




CHARACTER CLOCK 



BI-DIRECTIONAL DATA BUS 



MICRO- 
PROCESSOR 



ADDRESS BUS 



CONTROL BUS 



JZ 



RAM & ROM 
(FOR W P) N" 



^ 



ADDRESS BUS 



PAGE 
LOGIC 



CHIP SELECT 



DATA STROBE 



it 



& 
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6 CHARACTER ROW 
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BUS 
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BL 
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ASCII 
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•2-PORT RAM 
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CHARACTER 

FRAME 

BUFFER 
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WITH BI-DIRECT 
PORT 



LJ1J 
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^ 
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SYNC 
BLANKING 



VAC 
CRT 8021 



BLANKING 
SERIAL 



TIMING 

FROM 

DOT COUNTER 

OR 
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CLOCK 



"Latch may be required depending on system timing. 



FIGURE 9. CRT 8021 TYPICAL /yP CONFIGURATION (CHARACTER MODE ONLY) 
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STANDARD MICROSYSTEMS 
CORPORATIONS 



CRT 9021 B 

(JLPC FAMILY 



CRT Video Attributes Controller 

VAC 



FEATURES 

□ On chip video shift register (28.5 MHz max.) 

□ On chip attributes logic 

Reverse video 
Character blank 
Character blink 
Underline 
Full/half intensity 

□ Four modes of operation 

Wide graphics 

Thin graphics 

Character mode without underline 

Character mode with underline 

□ On Chip logic for double height/double 
width characters 

□ Accepts scan line information in parallel 
or serial format 

□ Four cursor modes dynamically selectable via 2 
input pins 

Underline 
Blinking underline 
Reverse video 
Blinking reverse video 

□ Programmable character blink rate 

□ Programmable cursor blink rate 



PIN CONFIGURATION 









DO 1C 


\j"" 


D28 D1 


MS0 2C 




3 27 D2 


MS1 3C 




3 26 D3 


REVID 4C 




3 25 D4 


CHABL 5C 
BLINK 6C 




3 24 D5 
3 23 D6 




INTIN 7C 
+ 5V 8C 




3 22 D7 


321 VSYNC 


ATTEN 9C 
INTOUT 10 C 




320 GND 
319 SLO/SLD 




CURSOR 11 C 




3 18 SL1/SLG 


RETBL12C 




317 SL2/BLC 


LD/SH 13 C 




3 16 SL3/BKC 


VIDEO 14C 




D15 VDC 


PACKAGE 28-pin D.I. P. 



□ On chip data and attribute latches 

□ + 5 volt operation 

□ TTL compatible 

D MOS n-Channel silicon gate COPLAMOS® process 

TM 

□ Compatible with CRT 5037 VTAC® ; CRT 9007 VPAC 



GENERAL DESCRIPTION 



The SMC CRT 9021 Video Attributes Controller 
(VAC) is an n-channel COPLAMOS MOS/LSI device 
containing Graphics logic, attributes logic, data and 
attributes latches, cursor control, and a high speed 
video shift register. The CRT 9021 , a character gen- 
erator ROM and a CRT controller such as the CRT 
9007 provide all of the major circuitry for the display 
portion of a CRT video terminal. 

The CRT 9021 serial video output may be con- 
nected directly to a CRT monitor's video input. The 
maximum video shift register frequency of 28.5 MHz 
allows for CRT displays of up to 132 characters per 
data row. 

The CRT 9021 attributes include: reverse video, 
underline, character blank, character blink, and full/ 
half intensity selection. In addition, when used in con- 
junction with the CRT9007 VPAC,™ the CRT 9021 will 
provide double height or double width characters. 

Four programmable cursor modes are provided on 
the CRT 9021. They are: underline, blinking under- 



line, reverse video character block, and blinking 
reverse video character block. When used in the serial 
scan line input mode, the cursor mode may be selected 
via two input pins. When used in the parallel scan line 
input mode, the cursor mode is a mask program option 
and is fixed at the time of manufacture. 

Two graphics modes are provided. In the wide 
graphics mode, the CRT 9021 produces a graphic 
entity the size of the character block. The graphic entity 
contains eight parts, each of which is associated with 
one bit of the input byte, thereby providing 256 unique 
graphic symbols. The thin graphics mode enables the 
user to create thin line drawings and forms. 

In both graphics modes, continuous horizontal and 
vertical lines may be drawn. Additional flexibility is 
provided by allowing the mask programming of the 
placement and dimensions of the blocks or lines within 
a character block. In the thin graphics mode, mask 
programming allows serrated horizontal or vertical 
lines. 
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FIGURE 1 : CRT 9021 BLOCK DIAGRAM 



DESCRIPTION OF PIN FUNCTIONS 



PIN NO. 


NAME 


SYMBOL 


FUNCTION 


1 , 28, 27, 26, 

25, 24, 23, 

22 


Data 


D7-D0 


In the character mode, the data on these inputs is passed through the Attributes 
logic into the 8 bit high speed video shift register. The binary information on D7 
will be the first bit output after the LD/SH input goes low. 
In the thin or wide graphics mode these 8 inputs will individually control the on/off 
condition of the particular portion of the character block or line drawing. Figures 2 
and 3 illustrate the wide and thin graphics modes respectively and their 
relationships to D7-D0 


2 
3 


Mode Select 
Mode Select 1 


MSO 
MS1 


These 2 inputs define the four modes of operation of the CRT 9021 as follows: 
MS1, MSO = 00; Wide graphics mode 

= 10; Thin graphics mode 

= 01 ; Character mode without underline 

= 11; Character mode with underline 

See section entitled Display Modes for details. 


4 


Reverse Video 


REVID 


When this input and Retrace Blank (RETBL) are both low, data from the 
Attributes and Graphics logic is presented directly to the video shift register. 
When this input is high and RETBL is low, the Attribute and Graphics logic will 
invert the data before presenting it to the video shift register. 


5 


Character blank 


CHABL 


When this input is high, the parallel inputs to the video shift register are all set low 
(or high depending on the state of REVID) thus providing a constant video level 
for the entire length of the character block. 


6 


Blink 


BLINK 


When this input is high and both the RETBL and CHABL inputs are low, the char- 
acter will blink at the programmed character blink rate. Blinking is accomplished 
by causing the video to go to the background level during the "off" portion of the 
Character Blink cycle. This video level may be either the white or black level 
depending on state of REVID. The duty cycle for the character blink is 75/25 (on/ 
off). This input is ignored if it coincides with the CURSOR input and the cursor is 
formatted to blink. 


7 


Intensity In 


INTIN 


The INTIN input along with the INTOUT output provides a user controlled general 
purpose attribute. Data input to INTIN will appear at INTOUT with the same delay 
as that from any other attribute input to the serial video output (VIDEO). By using 
an external mixing circuit, it is possible to raise or lower the voltage level of the 
video output to produce such attributes as "half intensity" or "intensity". 
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DESCRIPTION OF PIN FUNCTIONS CONT'D 



PIN NO. 


NAME 


SYMBOL 


FUNCTION 


8 


Supply Voltage 


+ 5V 


+ 5 volt power supply 


9 


Attribute 
Enable 


ATTEN 


When this inp_ut is high, the internal attribute latch is updated at the positive going 
edge of the LD/SH input with data appearing on the REVID, CHABL, MS1 , MS0, 
BLINK and INTIN inputs. By selectively bringing this input high, the user will 
update the attribute only at specific character times; all subsequent characters 
will carry with them the attributes last updated thus allowing "field" or "embed- 
ded" attributes. When using a wide video memory where attribute bits are 
attached to every character, the internal attribute latch may be updated at each 
character by tieing this input high (thus allowing for "invisible" attributes). 


10 


Intensity Out 


INTOUT 


This output is used in conjunction with the INTIN input to provide a three charac- 
ter pipeline delay to allow for general purpose attributes (such as intensity) to be 
implemented. See INTIN (pin 7). 


11 


Cursor 


CURSOR 


When this input is high and RETBL is low, the programmed cursor format will be 
displayed. When this input is high, and RETBL is high, the CRT 9021 enters the 
double width mode. See section entitled cursor formats for details. 


12 


Retrace Blank 


RETBL 


When this input is high, the parallel inputs to the video shift register are uncondi- 
tionally cleared to all zeros and loaded on the next LD/SH pulse. This forces the 
VIDEO output to a low voltage level, independent of all attributes, for blanking the 
CRT during horizontal and vertical retrace time. 


13 


Load/Shift 


LD/SH 


The 8 bit video shift register parallel-in load or serial-out shift operation is estab- 
lished by the state of this input. When high, this input enables the shift register for 
serial shifting with each video dot clock pulse (VDC input). When low, the video 
shift register is parallel loaded on the next video dot clock pulse and all data and 
attributes are moved to the next position in the internal pipeline. In addition, input 
data and attributes are latched on the positive transition of LD/SH. 


14 


Video 


VIDEO 


The Video output provides the serial dot stream to the CRT. Videojs shifted out 
on the rising edge of the video dot clock VDC. The timing of the LD/SH input will 
determine the number of backfill dots. See figure 5. 


15 


Video Dot 
Clock 


VDC 


This input clock controls the rate at which video is shifted out on the 
VIDEO output. 


16 


Scan line 
3/Block Cursor 


SL3/BKC 


This input has two separate functions depending on the way scan line informa- 
tion is presented to the CRT 9021 . 

Parallel scan line mode — This input is the most significant bit of the binary scan 
line row address. 

Serial scan line mode — This input controls the cursor's physical dimensions. If 
high the cursor will appear as a reverse video block (the entire character cell will 
be displayed in reverse video). If low, the cursor will appear as an underline on 
the scan line(s) programmed. 


17 


Scan line 
2/Blink Cursor 


SL2/BLC 


This input has two separate functions depending on the way scan line informa- 
tion is presented to the CRT 9021 . 

Parallel scan line mode — This input is the second most significant bit of the 
binary scan line row address. 

Serial scan line mode — This input if high, will cause the cursor to alternate 
between normal and reverse video at the programmed cursor blink rate. The duty 
cycle for the cursor blink is 50/50 (on/off). If this input is low, the cursor will be 
non-blinking. 


18 


Scan Line 
1/Scan Line 
Gate 


SL1/SLG 


This input has two separate functions depending on the way scan line informa- 
tion is presented to the CRT 9021 . 
Parallel scan line mode — This input is the next to the least significant bit of the 

binary scan line row address. . 

Serial scan line mode — This input will be low for 5 or 6 LD/SH pulses to allow the 
scan line information to be serially shifted into the serial scan line shift register. If 
this signal is low for 7 or more LD/SH pulses, the CRT 9021 will assume the par- 
allel input scan line row address mode. 


19 


Scan line 
0/Scan Line 
data 


SLO/SLD 


This input has two separate functions depending on the way scan line informa- 
tion is presented to the CRT 9021 . Refer to figure 6. 

Parallel scan line mode — This input is the least significant bit of the binary scan 
line row address. 

Serial scan line mode — This input will present the scan line information in serial 
form (least significant bit first) to the CRT 9021 and permits the proper scan line 
information to enter the serial scan line shift register during the LD/SH pulses 
framed by SLG (pin 18). 


20 


Ground 


GND 


Ground 


21 


Vertical Sync 


VSYNC 


This input is typically connected to the vertical sync output of the CRT controller 
and is used as the clock input for the two on-chip mask programmable blink rate 
dividers. The cursor blink rate (50/50 duty cycle) will always be twice the charac- 
ter blank rate (75/25 dutv cycle). In addition, the internal attributes are reset when 
this input is low. The VSYNC input is also used to determine the scan line mode 
(parallel or serial) used. See the section "Scan Line Input Modes". 
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ATTRIBUTES FUNCTION 



Retrace Blank —The RETBL input causes the VIDEO 
to go to the zero (black) level regard- 
less of the state of all other inputs. 

Reverse Video — The REVID input causes inverted data 
to be loaded into the video shift 
register. 

Character Blank — The CHABL input forces the video to 
go to the current background level as 
defined by Reverse Video. 

Underline — MS1, MS0 = 1,1 forces the video to 

go to the inverse of the background 
level for the scan line(s) pro- 
grammed for underline. 

Blink — The BLINK input will cause charac- 

ters to blink by forcing the video to the 
background level 25% of the time and 
allowing the normal video for 75% of 
the time. When the cursor is pro- 



grammed to blink (not controlled by 
the BLINK input), the video alter- 
nates from normal to reverse video at 
50% duty cycle. The cursor blink rate 
always overrides the character blink 
rate when they both appear at the 
same character position. 
Intensity —The INTIN input and the INTOUT 

(Half Intensity) output allow an intensity (or half 

intensity) attribute to be carried 
through the pipeline of the CRT 9021 . 
An external mixer can be used to 
combine VIDEO and INTOUT to cre- 
ate the desired video level. See fig- 
ure 8. 
Table 1 illustrates the effect of the REVID, CHABL, UNDLN 
attributes as a function of the cursor format and the CUR- 
SOR and RETBL inputs. 



TABLE 1 : CRT 9021 ATTRIBUTE COMBINATIONS 



CURSOR 
FORMAT 


CRT 9021 INPUTS 


VIDEO SHIFT REGISTER 


RETBL 


CURSOR 


REVID 


CHABL 


UNDLN 


LOADED WITH: 


X 


1 


X 


X 


X 


X 


all zero's 

















data 














1 


One's for selected scan line(s) ; Data for all 
other scan lines. 











1 


X 


All zero's 








1 








data 








1 





1 


Zero's for selected scan line(s) ; data for all 
other scan lines. 








1 


1 


X 


One's for all scan lines. 


UNDERLINE 2 













X' 


One's for selected scan line(s) for cursor; 
data for all other scan lines. 










1 


X' 


One's for selected scan line(s) for cursor; 
zero's for all other scan lines. 







1 





X' 


Zero's for selected scan line(s) for cursor; 
Data for all other scan lines. 







1 


1 


X' 


Zero's for selected scan line(s) for cursor; 
one's for all other scan lines. 


BUNKING 3 
UNDERLINE 2 













X' 


One's for selected scan line(s) blinking ; 
Data for all other scan lines. 










1 


X' 


One's for selected scan line(s) blinking ; 
zero's for all other scan lines. 







1 





X' 


Zero's for selected scan line(s) blinking; 
Data for all other scan lines. 







1 


1 


X' 


Zero's for selected scan line(s) blinking ; 
one's for all other scan lines. 


REVID BLOCK 
















Data for all scan lines. 













1 


Zero's for selected scan line(s) for 
underline; data for all other scan lines. 










1 


X 


One's for all scan lines. 







1 








Data for all scan lines 







1 





1 


One's for selected scan line(s) for 
underline; data for all other scan lines. 







1 


1 


X 


Zero's for all scan lines. 


BLINKING 3 
REVID BLOCK 
















On 

Data for all scan lines. 


Off 

Data for all scan lines. 













1 


Zero's for selected 
scan line(s) for 
underline; Data for 
all other scan lines. 


One's for selected 
scan line(s) for 
underline; Data for 
all other scan lines. 










1 


X 


One's for all scan lines. 


Zero's for all scan lines. 







1 








Data for all scan lines. 


Data for all scan lines. 







1 





1 


One's for selected 
scan line(s); Data 
for all other scan lines. 


Zero's for selected 
scanline(s); Data 
for all other scan lines. 





1 


1 


1 


X 


Zero's for all scan lines. 


One's for all scan lines. 



1 - if the programmed scan line(s) for cursor and underline coincide, the cursor takes precedence; otherwise both are displayed. 

2 - at programmed scan line(s) for underline 

3 - at cursor blink rate 

Note — cursor blink rate overrides character blink rate. 



284 



MS1.MS0 = 01 — 



DISPLAY MODES 

Inputs MS1 and MS0 select one of four display modes. All 
attributes except underline operate independent of the 
display mode used. Figures 8a and 8b illustrate a typical 
CRT 9021 configuration which operates in all display modes 
for both the parallel and serial scan line modes respectively. 
MS1,MS0 = 00 —Wide Graphics Mode. 

In this display mode, inputs D7-D0 
define a graphics entity as illustrated 
in figure 2. Note that individual bits in 
D7-D0 will illuminate particular 
portions of the character block. Table 
2 shows all programming ranges 
possible when defining the wide 
graphic boundaries. No underline is 
possible in this display mode. 
MS1,MS0 = 10 —Thin Graphics Mode. 

In this display mode, inputs D7-D0 MS1.MS0 = 11 
define a graphic entity as illustrated 
in figure 3. Note that individual bits in 
D7-D0 will illuminate particular hori- 
zontal or vertical line segments within 



the character block. Table 3 shows 
all programming ranges possible 
when defining the thin graphics 
boundaries. No underline is possi- 
ble in this display mode. 

Character Mode Without Underline. 
In this display mode, inputs D7-D0 go 
directly from the input latch to the 
video shift register via the Attributes 
and Graphics logic. This mode 
requires either a bit mapped system 
RAM (1 bit in RAM equals 1 pixal on 
the CRT) or an external character 
generator as shown in figures 8a and 
8b. 

-Character Mode With Underline. 
Same operation as MS1.MS0 = 01 
with the underline attribute appear- 
ing on the scan line(s) mask pro- 
grammed. 



SL3-SL0 ROW # C7 C6 C5 C4 C3 C2 C1 CO BF BF o o o 



0000 


RO 


0001 


R1 


0010 


R2 


0011 


R3 


0100 


R4 


0101 


R5 


0110 


R6 


0111 


R7 


1000 


R8 


1001 


R9 


1010 


R10 


1011 


R11 


1100 


R12 


1101 


R13 


1110 


R14 


1111 


R15 



D7 


D3 


D6 


D2 


D5 


D1 


D4 


DO 






H3 
1 

I 

H2 
1 

I 
H1 






HO 



D7 



D6 



D5 



D4 



D3 



D2 



D1 



DO 



DATA INPUT ON D7-D0 



-W1- 



-wo- 



H3, H2, H1, HO, W1 , WO are mask programmable 



FIGURE 2: WIDE GRAPHICS MODE FOR STANDARD CRT 9021 



SL3-SL0 ROW# C7 C6 C5 C4 C3 C2 C1 CO BF BF o o o 



0000 


RO 


0001 


R1 


0010 


R2 


0011 


R3 


0100 


R4 


0101 


R5 


0110 


R6 


0111 


R7 


1000 


R8 


1001 


R9 


1010 


R10 


1011 


R11 


1100 


R12 


1101 


R13 


1110 


R14 


1111 


R15 





D4 






I 


D7 




DO 




I 
I 
D6 I 
I 
l 




D2 




D3 


J 






D1 




I 
I 
1 
1 
1 
l 




D5 






1 
i 










i 
1 
1 
1 
J 



DO 
D1 
D6 
D7 



D2 
D3 
D4 
D5 



VERTICAL HEIGHT* 


HORIZONTAL POSITION 


R0-R5 


PROGRAMMABLE 


R6-R15 


PROGRAMMABLE 


R0-R15 


PROGRAMMABLE 


R0-R15 


PROGRAMMABLE 



HORIZONTAL LENGTH* VERTICAL POSITION 



C7-C3 


PROGRAMMABLE 


C3-BF 


PROGRAMMABLE 


C7-BF 


PROGRAMMABLE 


C7-BF 


PROGRAMMABLE 



D7 D6 D5 D4 D3 D2 D1 DO 



DATA INPUT ON D7-D0 



' These values are fixed 



FIGURE 3: THIN GRAPHICS MODE FOR STANDARD CRT 9021 
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BACKFILL 

Backfill is a mechanism that allows a character width of Method B 
greater than 8 dots and provides dot information (usually 
blanks) for all dot positions beyond 8. The character width 
is defined by the period of the LD/SH input. For the character 
modes, backfill is added to the tail end of the character by 
two methods which are mask programmable. 
Method A — The backfill (BF) dots will be the same 

as the dot displayed in position C7. 



— The backfill (BF) dots will be the same 
as the dot displayed in position CO. 



For the wide graphics mode, the backfill dots will always be 
the same as the dot displayed in position CO (method B) 
with no programmable option. 



CURSOR FORMATS 



Four cursor formats are possible with the CRT 9021 . If the 
parallel scan line input mode is used, one of four cursor for- 
mats may be selected as a mask programmed option. If the 
serial scan line input mode is used, the cursor format is 
selected via input pins 16 and 17 (SL3/BKC, SL2/BLC). See 
Table 5. The four cursor modes are as follows: 



Underline 



Blinking Underline 



Reverse Video 
Block 



— The cursor will appear as an 
underline. The position and width 
of the cursor underline is mask 
programmed. 

— The cursor will appear as an 
underline. The underline will alter- 
nate between normal and reverse 
video at the mask programmed 
cursor blink rate. 

— The cursor will appear as a reverse 
video block (The entire character 



Blinking Reverse 
Video Block 



cell will be displayed in reverse 
video). 

■ The cursor will appear as a reverse 
video block and the entire block 
(character plus background) will 
alternate between normal and 
reverse video at the masked pro- 
grammed cursor blink rate. 



Scan Line 
Input Mode 


Pin 17 


Pin 16 


Cursor Function 


Serial 




1 
1 



1 

1 


Underline 

Reverse Video Block 

Blinking Underline 

Blinking Reverse 

Video Block 


Parallel 


X 


X 


Mask programmable 
Only 



TABLE 5: CURSOR FORMATS 



DOUBLE WIDTH MODE 



In order to display double width characters, video must be 
shifted out at half frequency and the video shift register must 
receive new information (parallel load) every other LD/SH 
inputpulse. In order to divide the video dot clock (VDC) and 
the LD/SH pulse internally at the proper time, the cursor input 
should be pulsed during RETBL prior to the scan line to be 
displayed as double width. The CURSOR input must remain 
low for a minimum of 1 LD/SH period from the leading edge 
of RETBL. The CURSOR input can stay high for the entire 
RETBL time but should not extend into active video. If it does, 
a cursor will be displayed. It is assumed that the CRT con- 



troller knows when a particular scan line should be double 
width and it should activate the CURSOR in the manner just 
described. Double height/double width characters can also 
be displayed if the scan line count is incremented by the 
CRT controller every other scan line. With respect to the 
CRT 9021 , no distinction between double width and double 
height display is necessary. Figure 4 illustrated timing for 
both single and double width modes. The CRT 9007, which 
supports double height double width characters, will pro- 
duce the CURSOR signal as required by the CRT 9021 with 
no additional hardware. 



SCAN LINE INPUT MODES 



Scan line information can be introduced into the CRT 9021 
in parallel format or serial format. Table 6 illustrates the pin 
definition as a function of the scan line input mode. The CRT 
9021 will automatically recognize the proper scan line mode 
by observing the activity on pin 18. In parallel mode, this 
input will be stable for at least 1 scan line arid in serial mode 
this input will remain low for about 5 or 6 LD/SH periods. If 
pin 18 goes active low for less than seven but more than 
two continuous LD/SH p eriods du ring the last scan line that 
has an active low on the VSYNC input, the serial mode will 
be locked in for the next field. The parallel scan line input 



mode will be selected f or the ne xt field if the following two 
conditions occur during VSYNC low time. First, at least one 
positive transition must occur on pin 18 and second, pin 18 
must be low for seven or more LD/SH periods. Refer to fig- 
ure 7 for timing details. 



Scan Line 
Input Mode 


CRT 9021 Pin Number 


19 18 17 16 


Serial 


SLD SLG BLC BKC 


Parallel 


SL0 SL1 SL2 SL3 



TABLE 6: PIN DEFINITION FOR PARALLEL AND SERIAL SCAN LINE MODES 



PROGRAM OPTIONS 

The CRT 9021 has a variety of mask programmed options, trates the range of the miscellaneous mask programmed 
Tables 2 and 3 illustrate the range of these options for the options. In addition, Tables 2, 3 and 4 show the mask pro- 
wide and thin graphics modes respectively. Table 4 illus- grammed options for the standard CRT 9021. 
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LD/SH 



RETBL 
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CHARN 



CHAR N/2 



D7-D0 
/NORMAL\ 
\ WIDTH J 

D7-D0 
/DOUBLEX 
V WIDTH / 

DI7-DI0 
/"NORMALN 

V WIDTH J 

DI7-DI0 
/DOUBLE\ 
VWIDTH ) 

VIDEO 
/NORMAIA 

V WIDTH / 

VIDEO 
/DOUBLEN VIDEO (N/2 

V WIDTH / 



X 



\ 



X 



CHAR(N-1))(CHARN)( X X 
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CHAR N/2 
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X 
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X 
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i I i ■ 

VIDEO (N-2)X ^IS^f) X VIDEO N \ BLANKING 



X 



CHAR 2 



.WIDTH 
ATTRIBUTE IN 



& 



VIDEO N/2 



i 



BLANKING 



|/VIDE0 oXviDEO l)fiDEO^(viDEO j£ 
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\ WIDTH 
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ATTRIBUTE IN 1 
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V WIDTH / 
ATTRIBUTE OUT 1 
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/DOUBLE^ 
V WIDTH 



" XattoX xx XattiX xx X ^rT X xx X ~^T)T 

X X y ATTO \ ATT1 / " 



1 -Attributes include MSO, MSI, BLINK, CHABL, INTENSITY, REVID 



FIGURE 4: CRT 9021 FUNCTIONAL I/O TIMING 



SECTION V 



MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range 0°C to + 70°C 

Storage Temperature Range -55°Cto + 150°C 

Lead Temperature (soldering, 10 sec.) +325 C C 

Positive Voltage on any Pin, with respect to ground 15V 

Negative Voltage on any Pin, with respect to ground - 0.3V 

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operation of the 
device at these or at any other condition above those indicated in the operational sections of this specification is not implied. 



NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maximum Ratings not 
be exceeded or device failure can result. Some power supplies exhibit voltage spikes or "glitches" on their outputs when the AC power 
is switched on and off. In addition, voltage transients on the AC power line may appear on the DC output. If this possibility exists it is 
suggested that a clamp circuit be used. 



ELECTRICAL CHARACTERISTICS (T A = 0°C to 70°C, V cc = +5V±5%, unless otherwise noted) 



PARAMETER 



DC CHARACTERISTICS 

INPUT VOLTAGE LEVELS 
Low Level V, L 
High Level V, H1 
High Level V, H2 



MIN 



2.0 
4.3 



TYP 



MAX 



0.8 



UNIT 




COMMENTS 



All inputs except VDC, LD/SH 
For VDC, LD/SH input 



OUTPUT VOLTAGE LEVELS 
Low Level V OL 
High Level V 0H 



0.4 



2.4 



l OL = 0.4 mA 
l OH = 100|xA 



INPUT LEAKAGE CURRENT 
Leakage l L1 
Leakage l L2 



10 
50 



|xA 
p.A 



0=£V IN <V cc ;excluding_\/DC, LD/SH 
Q^V, N ^V CC ; for VDC LD/SH 



INPUT CAPACITANCE 

C|N1 
^IN3 



10 
20 
25 



Excluding VDC, LD/SH 
For LD/SH 
For VDC 



POWER SUPPLY CURRENT 



50 



mA 



AC CHARACTERISTICS 



PARAMETER 


MIN 


TYP 


MAX 


UNIT 


COMMENTS 


VDC 
1/t CY1 VDC frequency 
t CKL VDC low 
tc KH VDC high 
t CKR VDC rise time 
W VDC fall time 


1.0 
10 
10 




28.5 

7.5 
7.5 


MHZ 
ns 
ns 
ns 
ns 


Measured from 10% to 90% points 
Measured from 90% to 10% points 


LD/SH 

tcY2 

ts, 

tm 


315 

7 







ns 
ns 
ns 




INPUT SETUP AND HOLD 

ts2 
'H2 


35 







ns 
ns 




MISCELLANEOUS TIMING 

tpo 

tow 


ICY2 




35 


ns 


c L = 15 pf 
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ALL INPUTS. 
(EXCEPT VDC, LD/SH) 



VIDEO OR 
INTOUT 



RETBL 



CURSOR 
(FOR DOUBLE WIDTH) 



■* ■*- **r — ,ckl — •* 



e 



y 



x 



x 



x 



/ 






FIGURE 5: CRT 9021 INPUT/OUTPUT TIMING 
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SLD 
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I! 
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* NOT USED BY CRT 9021 

FIGURE 6: SERIAL SCAN LINE MODE TIMING 



LD/SH 
VSYNC 

SL1/SLG- 
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,/ 



*\ 



L, , , _ 

• •il 



*\ 



STABLE » 7 LD/SH 
1\ 



y 



SET SERIAL 
SCAN LINE MODE 



FIGURE 7: SERIAL/PARALLEL SCAN LINE MODE SELECTION TIMING 



SET PARALLEL 
SCAN LINE MODE 
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TABLE 2 
WIDE GRAPHICS MASK PROGRAMMING OPTIONS 



OPTION 


CHOICES 


STANDARD CRT 9021 


Height of graphic block* 
D7 and D3 
D6 and D2 
D5 and D1 
D4 and DO 


any scan line(s) 
any scan line(s) 
any scan line(s) 
any scan line(s) 


R0, R1.R2 
R3, R4, R5 
R6, R7, R8 
R9, R10, R11, R12, R13, R14, R15 


Width of D7, D6, D5, D4" 
Width of D3, D2,D1,D0** 


any number of dots to 8 
any number of dots to 8 


C7, C6, C5, C4 
C3,C2,C1,C0, BF 



' Any graphic block pair can be removed by programming for zero scan lines. 

' Total number of dots for both must be equal to the total dots per character with no overlap. 



TABLE 3 
THIN GRAPHICS MASK PROGRAMMING OPTIONS 



OPTION 


CHOICES 


STANDARD CRT 9021 


Backfill 


ClorCO 


CO 


Horizontal portion for 


D2 and D3 

D4 

D5 


any scan line(s) R0-R15 
any scan line(s) R0-R15 
any scan line(s) R0-R15 


R5 
R0 
R11 


Blanked dots for serrated horizontal lines 


D2 
D3 
D4 
D5 


anydot(s)C7-C0,BF 
anydot(s)C7-C0, BF 
anydot(s)C7-C0, BF 
any dot(s) C7-C0, BF 


none 
none 
none 
none 


Vertical position for 


DO and D1 

D6 1 

D7 1 


anydot(s)C7-C0,BF 
anydot(s)C6-C0, BF 
any dot(s) C7-C0 


C3 
BF 
C7 


Vertical length for 


DO 
D1 
D6 
D7 


any scan line(s) 

all scan lines not used by DO 

no choice; always R0-R15 

no choice; always R0-R15 


R0 to R5 
R6toR15 
R0toR15 
R0toR15 



1 - D7 must always come before D6 with no overlap; otherwise D6 is lost. 



TABLE 4 
MISCELLANEOUS MASK PROGRAMMING OPTIONS 


OPTION 


CHOICES 


STANDARD CRT 9021 


Backfill in character mode 


C7 to CO 


C7 


Character blink rate 
(division of VSYNC frequency) 


8 to 60 even numbers 
(7.5 Hz to 1 Hz) 1 


32 
(1.875 Hz) 1 


Cursor blink rate 2 


Twice the character 
blink rate 


16 
(3.75 Hz) 1 


character underline position 


anyscan line(s) R0-R15 


R11 


cursor underline 3 


' anyscan line(s) R0-R15 


not applicable 


cursor format 4 


underline 

Blinking underline 

Reverse video block 

Blinking reverse video block 


Blinking reverse video block 



1 - Assumes VSYNC input frequency of 60 Hz. 

2 - Valid only if the cursor is formatted to blink. 

3 - Valid only if the cursor is formatted for underline. 

4 - Valid for the parallel scan line mode only. 
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FIGURE 8a: CRT 9021 SYSTEM CONFIGURATION IN PARALLEL 
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STANDARD MICROSYSTEMS 
CORPORATION; 



' (516)273-3100 IWX-! 

we keep ahead of our competition so you can Keep ahead of yours. 



Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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Microprocessor Peripheral 



ROM 



Part Number 


Description 


Access Time 


Power Supply 


Package 


Page 


ROM 4732( 3 ) 


32K ROM; 32,768 bits 
organized 4096x8 


450 nsec 


+6 


24 DIP 


347-350 


ROM 36000< l >(3> 


64K ROM; 65,536 bits 
organized 8192x8 


250 nsec 


+5 


24 DIP 


351-354 




FLOPPY DISK 



Part 
Number 


Description 


Sector/ 
Format 


Density 


Data 
Bus 


Side Select 
Output 


Power 
Supplies 


Package 


Page 




FDC1761 


Floppy Disk Controller/ 
Formatter (mini-floppy only) 


Soft 


Double 


Inverted 


No 


+ 5, +12 


40 DIP 


295-310 




FDC1763 


Floppy Disk Controller/ 
Formatter (mini-floppy only) 


Soft 


Double 


True 


No 


+ 5, +12 


40 DIP 


295-310 




FDC1765 


Floppy Disk Controller/ 
Formatter (mini-floppy only) 


Soft 


Double 


Inverted 


Yes 


+ 5, +12 


40 DIP 


295-310 




FDC1767 


Floppy Disk Controller/ 
Formatter (mini-floppy only) 


Soft 


Double 


True 


Yes 


+ 5, +12 


40 DIP 


295-310 




PDC1791 


Floppy Disk Controller/ 
Formatter 


Soft 


Double 


Inverted 


No 


+ 5, +12 


40 DIP 


311-326 




FDC1792 


Floppy Disk Controller/ 
Formatter 


Soft 


Single 


Inverted 


No 


+ 5, +12 


40 DIP 


311-326 


H 


FDC1793 


Floppy Disk Controller/ 
Formatter 


Soft 


Double 


True 


No 


+ 5,+12 


40 DIP 


311-326 




FDC1794 


Floppy Disk Controller/ 
Formatter 


Soft 


Single 


True 


No 


+ 5, +12 


40 DIP 


311-326 




FDC1795 


Floppy Disk Controller/ 
Formatter 


Soft 


Double 


Inverted 


Yes 


+ 5, +12 


40 DIP 


311-326 




FDC1797 


Floppy Disk Controller/ 
Formatter 


Soft 


Double 


True 


Yes 


+ 5, +12 


40 DIP 


311-326 




FDC3400 


Floppy Disk Data Handler 


Hard 


N/A 


True 


NA 


+ 5, -12 


40 DIP 


331-338 




FDC9216/B 


Floppy Disk Data Separator 


Soft/ Hard 


Double 


NA 


NA 


+ 5 


8 DIP 


327-330 






CASSETTE/CARTRIDGE 



Part Number 


Description 


Max j 
Data Rate 1 Features 


Power 
Supply 


Package 


Page 


CCC 3500 


Cassette/Cartridge Data Handler 


250K bps Sync byte detection, 
1 Read While Write 


+5, -12 


40 DIP 


339-346 



(i)For future release ( 3 )May be custom mask programmed 
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STANDARD MICROSYSTEMS 
CORPORATION^ 



r 



Floppy Disk 

Controller/Formatter 

FDC 



FDC 1761-02 
FDC 1763-02 
FDC 1765-02 
FDC 1767-02 

JJPC FAMILY 



FEATURES 

□ 1 MHZ VERSION OF FDC 179X 

□ SOFT SECTOR FORMAT COMPATIBILITY 

D AUTOMATIC TRACK SEEK WITH VERIFICATION 

□ ACCOMMODATES SINGLE AND DOUBLE 
DENSITY FORMATS 

IBM 3740 Single Density (FM) 

IBM System 34 Double Density (MFM) 

□ READ MODE 

Single/Multiple Sector Read with Automatic Search 

or Entire Track Read 
Selectable 128 Byte or Variable Length Record 

□ WRITE MODE 

Single/Multiple Sector Write with Automatic Sector 

Search 
Entire Track Write for Diskette Initialization 

□ PROGRAMMABLE CONTROLS 
Selectable Track to Track Stepping Time 
Side Select Compare 

□ SYSTEM COMPATIBILITY 

Double Buffering of Data 8 Bit Bi-Directional Bus for 

Data, Control and Status 
DMA or Programmed Data Transfers 
All Inputs and Outputs are TTL Compatible 
On-chip Track and Sector Registers/Comprehensive 

Status Information 

□ WRITE PRECOMPENSATION (MFM AND FM) 

□ SIDE SELECT LOGIC (FDC 1765, FDC 1767) 

□ WINDOW EXTENSION (IN MFM) 



PIN CONFIGURATION 




MR 
GND 



INVERTED BUS FOR FDC 1761. FDC 1765 
PACKAGE: 40 pin D.I. P. 



□ INCORPORATES ENCODING/DECODING 
AND ADDRESS MARK CIRCUITRY 

□ COMPATIBLE WITH FD176X-02 

□ COPLAMOS® n-CHANNEL MOS TECHNOLOGY 

□ COMPATIBLE WITH THE FDC 9216 FLOPPY DISK 
DATA SEPARATOR 



GENERAL DESCRIPTION 



The FDC 176X is an MOS/LSI device which performs the 
functions of a Floppy Disk Controller/Formatter in a 
single chip implementation. The basic FDC 176X chip 
design has evolved into four specific parts: FDC 1761, 
FDC 1763, FDC 1765, and the FDC 1767.. It is a 1MHz 
version of the FDC 179X family. \ L J 

This FDC family performs all the functions necessary 
to read or write data to a floppy disk drive. 5 1 A" (mini- 
floppy) drives with single or double density storage 
capabilities are supported. These n-channel MOS/LSI 
devices will replace a large amount of discrete logic re- 
quired for interfacing a host processor to a floppy disk. 

The FDC 176X is IBM 3740 compatible in single density 
mode (FM) and System 34 compatible in double density 



mode (MFM). The FDC176X contains enhanced fea- 
tures necessary to read/write and format a double 
density diskette. These include address mark detection, 
FM and MFM encode and decode logic, window ex- 
tension, and write precompensation. 

The FDC 1763 is identical to the FDC 1761 except the 
DAL lines are TRUE for systems that utilize true 
data busses. 

The FDC 1765 adds side select logic to the FDC 1761. 
The FDC 1767 adds the side select logic to the FDC 1763. 

The processor interface consists of an 8 bit bidirectional 
bus for data, status, and control word transfers. This 
family of controllers is configured to operate on a 
multiplexed bus with other bus-oriented devices. 
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DESCRIPTION OF PIN FUNCTIONS 



PIN NO. 


NAME 


SYMBOL 


FUNCTION 


1 


NO CONNECTION 


NC 


This pin is internally connected to the substrate bias generator and 
must be left open. 


20 


GROUND 


Vss 


Ground 


21 


POWER SUPPLY 


Vcc 


+ 5V ±5% 


40 


POWER SUPPLY 


V DD 


+ 12V±5% 


19 




MR 


A logic low (50 microseconds min.) on this input resets the device 
and loads HEX 03 into the command register. The Not Ready 
(Status Bit 7) is reset during MR ACTIVE. When MR is brought to a 
logic high a Restore Command is executed, regardless of the state of 
the Ready signal from the drive. Also, HEX 01 is loaded into the 
sector register. 


MASTER RESET 


COMPUTER INTERFACE: 


2 




WE 


A logic low onjhis input gates data on the DAL into the selected 
register when CS is low. 


WRITE ENABLE 


3 




CS 


A logic low on this input selects the chip and the parallel 
data bus (DAL). 


CHIP SELECT 


4 




RE 


A logic low on this input controls the placement of data from a 
selected register on DAL0-DAL7 when CS is low. 


READ ENABLE 


5,6 


REGISTER SELECT 
LINES 


A0, A1 


These inputs select the register to receive/transfer data on the 
lines under RE and WE control: 


DAL 




CS 


A1 


A0 


RE 


WE 












1 
1 



1 

1 


Status Reg 
Track Reg 
Sector Reg 
Data Reg 


Command Reg 
Track Reg 
Sector Reg 
Data Reg 


7-14 


DATA ACCESS LINES 


DAL0- 
DAL7 


Eight bit Bidirectional bus used for transfer of data, control, and 
status. This bus is a receiver enabled by WE or a transmitter 
enabled by RE. The Data Bus is inverted on the FDC 1761, and 
FDC 1765. Each line will drive 1 standard TTL load. 


24 


CLOCK 


CLK 


This input requires a free-running square wave clock for internal 
timing reference of 1 MHz ±1% with a 50% duty cycle. 


38 


DATA REQUEST 


DRQ 


This open drain output indicates that the DR contains assembled 
data in Read operations, or the DR is empty in Write operations. 
This signal is reset when serviced by the computer through reading 
or loading the DR in Read or Write operations, respectively. Use a 
10K pull-up resistor to +5V. 


39 


INTERRUPT REQUEST 


INTRQ 


This open drain output is set at the completion or termination 
of any operation and is reset when a new command is loaded into 
the command register or the status register is read. Use a 10K 
pull-up resistor to +5V. 


FLOPPY DISK INTERFACE: 


15 


STEP 


STEP 


Step and direction motor control. The step output contains a pulse 
for each step. 


16 


DIRECTION 


DIRC 


Direction Output is active high when stepping in, active low when 
stepping out. 


17 


EARLY 


EARLY 


Indicates that the write data pulse occurring while Early is active 
(high) should be shifted early for write precompensation. 


18 


LATE 


LATE 


Indicates that the write data pulse occurring while Late is active 
(high) should be shifted late for write precompensation. 


22 






This input is used for testing purposes only and should be tied to 
+5V or left open by the user unless interfacing to voice coil 
actuated motors. 


TEST 


TEST 


23 


HEAD LOAD TIMING 


HLT 


When a logic high is found on the HLT input the head is assumed 
to be engaged. 
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PIN NO. 


NAME 


SYMBOL 


FUNCTION 


1 25 

] 


READ GATE (1761/3) 


RG 


This output is used for synchronization of external data separators. 
The output goes high after two bytes of zeroes in single density, 
or four bytes of either zeroes or ones in double density operation. 


i 25 

] 

i 
| 

i 


SIDE SELECT OUTPUT 
(1765, 1767) 


SSO 


The logic level of the Side Select Output is directly controlled by 
the 'S' flag in Type II or III commands. When S = 1, SSO is set to 
a logic 1. When S = 0, SSO is set to a logic 0. The SSO is compared 
with the side information in the sector I.D. field. If they do not 
compare, status bit 4 (RNF) is set. The side select output is only 
updated at the beginning of a type II or III command. It is forced 
to a logic upon a MASTER RESET condition. 


26 


READ CLOCK 


RCLK 


A nominal square-wave clock signal derived from the data stream 
must be provided to this input. Phasing (i.e. RCLK transitions) 
relative to RAW READ is important but polarity (RCLK high or low) 
is not. 






RAW 
READ 


The data input signals directly from the drive. This input shall be a 
negative pulse for each recorded flux transition. 


27 


RAW READ 


28 


HEAD LOAD 


HLD 


The HLD output controls the loading of the Read-Write head 
against the media. 


29 


TRACK GREATER 
THAN 43 


TG43 


This output informs the drive that the Read/Write head is positioned 
between tracks 44-76. This output is valid only during Read and 
Write Commands. 


30 


WRITE GATE 


WG 


This output is made valid before writing is to be performed 
on the diskette. 


31 


WRITE DATA 


WD 


A 400 ns (MFM) or 1000 ns (FM) pulse per flux transition. WD 
contains the unique Address marks as well as data and clock in both 
FM and MFM formats. 


32 


READY 


READY 


This input indicates disk readiness and is sampled for a logic high 
before Read or Write commands are performed. If Ready is low the 
Read or Write operation is not performed and an interrupt is 
generated. Type I operations are performed regardless of the state 
of Ready. The Ready input appears in inverted format as Status 
Register bit 7. 








This is a bi-directional signal used to signify writing faults at the 
drive, and to enable the external PLO data separator. When WG = 1, 
Pin 33 functions as a WF input. If WF=0, any write command will 
immediately be terminated. When WG=0, Pin 33 functions as a 
VFOE output. VFOE will go low during a read operation after the 
head has loaded and settled (HLT=1). On the 1765/7, it will remain 
low until the last bit of the second CRC byte in the ID field. VFOE 
will then go high until 8 bytes (MFM) or 4 bytes (FM) before the 
Address Mark. It will then go active until the last bit of the second 


33 


WRITE FAULT/ 
VFO ENABLE 


WF/VFOE 




CRC byte of the Data Field. On the 1761/3, VFOE will remain low 
until the end of the Data Field. 


34 




TR00 


This input informs the FDC176X that the Read/Write head is 
positioned over Track 00. 


TRACK 00 


35 




IP 


This input informs the FDC176X when the index hole is encountered 
on the diskette. 


INDEX PULSE 


36 






This input is sampled whenever a Write Command is received. 
A logic low terminates the command and sets the Write Protect 
Status bit. 


WRITE PROTECT 


WPRT 


37 






This oin selects either sinqle or double density operation. When 
DDEN = 0, double density is selected. When DDEN = 1, single 
density is selected. 


DOUBLE DENSITY 


DDEN 
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FUNCTIONAL DESCRIPTION 



The FDC 176X-02 major functional blocks are as follows: 
Data Shift Register— This 8-bit reg ister assemb les serial 
data from the Read Data input (RAW READ) during 
Read operations and transfers serial data to the Write 
Data output during Write operations. 

Data Register— This 8-bit register is used as a holding 
register during Disk Read and Write operations. In Disk 
Read operations the assembled data byte is transferred 
in parallel to the Data Register from the Data Shift 
Register. In Disk Write operations information is trans- 
ferred in parallel from the Data Register to the Data 
Shift Register. 

When executing the Seek command the Data Register 
holds the address of the desired Track position. This 
register is loaded from the DAL and gated onto the DAL 
under processor control. 

Sector Register (SR) — This 8-bit register holds the 
address of the desired sector position. The contents 
of the register are compared with the recorded sector 
number in the ID field during disk Read or Write opera- 
tions. The Sector Register contents can be loaded from 
or transferred to the DAL. This register should not be 
loaded when the device is busy. 

Command Register (CR)— This 8-bit register holds the 
command presently being executed. This register should 
not be loaded when the device is busy unless the new 
command is a Force Interrupt. The command register 
can be loaded from the DAL, but not read onto the DAL. 
Status Register (STR)— This 8-bit register holds device 
Status information. The meaning of the Status bits is a 
function of the type of command previously executed. 



This register can be read onto the DAL, but not loaded 
from the DAL. 

CRC Logic— This logic is used to check or to generate 
the 16-bit Cyclic Redundancy Check (CRC). The poly- 
nomial is: G(x) = x ,6 + x ,2 -f-x 5 + 1. 

Track Register — This 8-bit register holds the track 
number of the current Read/Write head position. It is 
incremented by one every time the head stepped in 
(towards track 76) and decremented by one when the 
head is stepped out (towards track 00). The contents 
of the register are compared with the recorded track 
number in the ID field during disk Read, Write, and 
Verify operations. The Track Register can be loaded 
from or transferred to the DAL. This Register should not 
be loaded when the device is busy. 

The CRC includes all information starting with the 
address mark and up to the CRC characters. The CRC 
register is preset to ones prior to data being shifted 
through the circuit. 

Arithmetic/Logic Unit (ALU) — The ALU is a serial 

comparator, incrementer, and decrementer and is used 

for register modification and comparisons with the disk 

recorded ID field. 

Timing and Control — All computer and Floppy Disk 

Interface controls are generated through this logic. The 

internal device timing is generated from an external 

crystal clock. 

AM Detector— The address mark detector detects ID, 

data and index address marks during ready and 

write operations. 



OPERATION 



The FDC 176X has tw o mod es of o peration, according 
to the state of DDEN. When DDEN = 0, double density 
(MFM) is assumed. When DDEN = 1, single density 
(FM) is assumed. In either case the CLK input (Pin 24) 
is at 1 MHz- and stepping rates of 6, 12, 20 and 30ms 
can be obtained. 

Disk Read Operation 

Sector lengths of 128, 256, 512 or 10 24 are obtainable 
in either FM or MFM formats. For FM, D DEN sh ould be 
placed to logical "1." For MFM formats, DDEN should 
be placed to a logical "0." Sector lengths are determined 
at format time by a special byte in the "ID" field. If this 
Sector length byte in the ID field is zero, then the sector 
length is 128 bytes. If 01, then 256 bytes. If 02, then 
512 bytes. If 03, then the sector length is 1024 bytes. 
For the FDC 1765/67 the sector length may be different 
according to the state of the b flag in the command 
word. Refer to Table 1 ; command summary. The number 
of sectors per track can be from 1 to 255 sectors. The 
number of tracks is from to 255 tracks. 

For read operations, the FDC 176X requires RAW READ 
Data (Pin 27) signal which is a 400 ns pulse per flux 
transition and a Read clock (RCLK) signal to indicate 
flux transition spacings. The RCLK (Pin 26) signal is 
provided by some drives but if not, it may be derived 



externally by Phase lock loops, one shots, or counter 
techniques. In addition, a Read Gate Signal is provided 
as an output (Pin 25) on 1761/63 which can be used to 
inform phase lock loops when to acquire synchroniza- 
tion. When reading from the media in FM, RG is made 
true when 2 bytes of zeroes are detected. The FDC 176X 
must find an address mark within the next 10 bytes; 
otherwise RG is reset and the search for 2 bytes of 
zeroes begins all over again. If an address mark is found 
within 10 bytes, RG remains true as long as the FDC 176X 
is deriving any useful information from the data stream. 
Similarly for MFM, RG is made active when 4 bytes of 
"00" or "FF" are detected. The FDC 176X must find an 
address mark within the next 16 bytes, otherwise RG is 
reset and search resumes. 



During read operations (WG=0), the VFOE (Pin 33) is 
provided for phase lock loop synchronization. VFOE 
will go active when: 

a) Both HLT and HLD are True 

b) Settling Time, if programmed, has expired 

c) The 176 X is inspecting data off the disk 

If WF/VFOE is not used, this pin may be left open, as 
it has an internal pull up resistor. 

On Disk Read operations the Data Request is activated 
(set high) when an assembled serial input byte is 
transferred in parallel to the Data Register. This bit 
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is cleared when the Data Register is read by the pro- 
cessor. If the Data Register is read after one or more 
characters are lost by having new data transferred into 
the register prior to processor readout, the Lost Data bit 
is set in the Status Register. The Read operation con- 
tinues until the end of sector is reached. 

Disk Write Operation 

When writing is to take place on the diskette the Write 
Gate (WG) output is activated, allowing current to flow 
into the Read/Write head. As a precaution against 
erroneous writing the first data byte must be loaded into 
the Data Register in response to a Data Request from the 
FDC 176X before the Write Gate signal can be activated. 
Writing is inhibited when the Write Protect input is a 
logic low, in which case any Write command is immedi- 
ately terminated, an interrupt i s generated and the Write 
Protect status bit is set. The Write Fault input, when 
activated, signifies a writing fault condition detected 
in disk drive electronics such as failure to detect write 
current flow when the Write Gate is activated. On detec- 
tion of this fault the FDC 176X terminates the current 
command, and sets the Write Fault bit (bit 5) in the Status 
Word. The Write Fault input should be made inactive 
when the Write Gate output becomes inactive. 

For write operations, the FDC176X provides Write Gate 
(Pin 30) and Write Data (Pin 31) outputs. Write d ata 
consists of a series of 1000 ns pulses in FM (DDEN = 1) 



and 400 ns pulses in MFM (DDEN=0). Write Data pro- 
vides the unique address marks in both formats. 
Also during write, two additional signals are provided 
for write precompensation. These are EARLY (Pin 17) 
and LATE (Pin 18). EARLY is active true when the WD 
pulse appearing on (Pin 30) is to be written early LATE 
is active true when the WD pulse is to be written LATE. 
If both EARLY and LATE are low when the WD pulse is 
present, the WD pulse is to be written at nominal. Since 
write precompensation values vary from disk manu- 
facturer to disk manufacturer, the actual value is 
determined by several one shots or delay lines which are 
located external to the FDC 176X.The write precompen- 
sation signals EARLY and LATE are valid for the duration 
of WD in both FM and MFM formats. 

On Disk Write operations the Data Request is activated 
when the Data Register transfers its contents to the 
Data Shift Register, and requires a new data byte. It is 
reset when the Data Register is loaded with new data by 
the processor. If new data is not loaded at the time the 
next serial byte is required by the Floppy Disk, a byte 
of zeroes is written on the diskette and the Lost Data 
bit is set in the Status Register. 

At the completion of every command an INTRQ is 
generated. INTRQ is reset by either reading the status 
register or by loading the command register with a new 
command. In addition, INTRQ is generated if a Force 
Interrupt command condition is met. 



COMMAND WORDS 



The FDC 176X will accept eleven commands. Command 
words should only be loaded in the Command Register 
when the Busy status bit is off (Status bit 0). The one 
exception is the Force Interrupt command. Whenever 
a command is being executed, the Busy status bit is set. 
When a command is completed, an interrupt is gener- 
ated and the Busy status bit is reset. The Status Register 
indicates whether the completed command encountered 
an error or was fault free. For ease of discussion, 
commands are divided into four types. Commands and 
types are summarized in Table 1. 



Table 1. Command Summary 










BITS 


COMMAND 


TYPE 


7 


6 


5 


4 3 


2 


1 


Restore 


I 











h 


V 


n r 


Seek 


I 











1 h 


V 


ri r 


Step 


I 








1 


u h 


V 


n r 


Step In 


I 





1 





u h 


V 


ri r 


Step Out 


I 





1 


1 


u h 


V 


ri r 


Read Sector 


II 


1 








m F 2 


E 


Fi 


Write Sector 


II 


1 





1 


m F 2 


E 


Fi a 


Read Address 


III 


1 


1 








E 


Fi 


Read Track 


III 


1 


1 


1 





E 


Fi 


Write Track 


III 


1 


1 


1 


1 


E 


F, 


Force Interrupt 


IV 


1 


1 





1 l 3 


l 2 


I1 lo 



Type I Commands 

The Type I Commands are Restore, Seek, Step, Step-in, 
and Step-Out. Each of the Type I Commands contains a 
rate field (r ri), which determines the stepping motor 
rate as defined in Table 2. 

The Type I Commands contain a head load flag (h) which 
determines if the head is to be loaded at the beginning 
of the command. If h = 1, the head is loaded at the 
beginning of the command (HLD output is madeactive). 
If h=0, HLD is deactivated. Once the head is loaded, 
the head will remain engaged until the FDC 176X receives 
a command that specifically disengages the head. If 
the FDC 176X is idle (busy=0) for 15 revolutions of the 
disk, the head will be automatically disengaged (HLD 
made inactive). 

The Type I Commands also contain a verification (V) 
flag which determines if a verification operation is to 
take place on the destination track. If V = 1, a verification 
is performed, if V=0, no verification is performed. 
During verification, the head is loaded and after an 
internal 30 ms delay, the HLT input is sampled. When 
HLT is active (logic true), the first encountered ID field 
is read off the disk. The track address of the ID field is 
then compared to the Track Register; if there is a match 
and a valid ID CRC, the verification is complete, an 
interrupt is generated and the Busy status bit is reset. If 
there is not a match but there is valid ID CRC, an interrupt 
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is generated, and Seek Error Status bit (Status bit 4) is 
set and the Busy status bit is reset. If there is a match but 
not a valid CRC, the CRC error status bit is set (Status 
bit 3), and the next encountered ID field is read from the 
disk for the verification operation. If an ID field with a 
valid CRC cannot be found after five revolutions of the 
disk, the FDC 176X terminates the operation and sends 
an interrupt (INTRQ). 

The Step, Step-in, and Step-Out commands contain an 
Update flag (u). When u = 1, the track register is updated 
by one for each step. When u=0, the track register is 
not updated. 

On the FDC 1765/7 devices, the SSO output is not 
affected during Type 1 commands, and an internal side 
compare does not take place when the (V) Verify Flag 
is on. 

Restore (Seek Track 0) 



Upon receipt of thi s com mand the Track 00 (TR00) 
input is sampled, if TR00 is active low indicating the 
Read-Write head is positioned over track 0, the Track 
Registe r is lo aded with zeroes and an interrupt is gener- 
ated. If TR00 is not active low, stepping pulses (pins 15 
to 1 6) at a rate specified by the hr field are issued until 
the TR00 input is activated. At this time the Track 
Register is l oaded with zeroes and an interrupt is gener- 
ated. If the TR00 input does not go active low after 255 
stepping pulses, the FDC 176X terminates operation, 
interrupts, and sets the Seek error status bit. A verification 
operation takes place if the V flag is set. The h bit allows 
the head to be loaded at the start of command. Note that 
the Restore command is executed when MR goes from 
an active to an inactive state. 

Seek 

This command assumes that the Track Register contains 
the track number of the current position of the Read- 
Write head and the Data Register contains the desired 
track number. The FDC 176X will update the Track 
register and issue stepping pulses in the appropriate 
direction until the contents of the Track register are 
equal to the contents of the Data Register (the desired 
track location). A verification operation takes place if the 
V flag is on. The h bit allows the head to be loaded at the 
start of the command. An interrupt is generated at the 
completion of the command. Note: When using multi- 
ple drives, the track register must be updated for the 
drive selected before seeks are issued. 

Step 

Upon receipt of this command, the FDC 176X issues one 
stepping pulse to the disk drive. The stepping motor 
direction is the same as in the previous step command. 
After a delay determined by the rir field, a verification 
takes place if the V flag is on. If the u flag is on, the Track 
Register is updated. The h bit allows the head to be 
loaded at the start of the command. An interrupt is 
generated at the completion of the command. 
Step-in 

Upon receipt of this command, the FDC 176X issues one 
stepping pulse in the direction towards track 76. If the 
u flag is on, the Track Register is incremented by one. 
After a delay determined by the rir field, a verification 
takes place if the V flag is on. The h bit allows the head to 
be loaded at the start of the command. An interrupt is 
generated at the completion of the command. 



Step-Out 

Upon receipt of this command, the FDC 176X issues one 
stepping pulse in the direction towards track 0. If the 
u flag is on, the Track Register is decremented by one. 
After a delay determined by the rir field, a verification 
takes place if the V flag is on. The h bit allows the head to 
be loaded at the start of command. An interrupt is 
generated at the completion of the command. 

Head Positioning 

The period of each positioning step is specified by the 
r field in bits 1 and of the command word. After the 
last directional step an additional 30 milliseconds of 
head settling time ta kes p lace if the Verify flag is set in 
Type I commands. If TEST=0, there is zero settling time. 
There is also a 30 ms head settling time if the E flag is set 
in any Type II or III command. 

The rates (shown in Table 2) can be applied to a Step- 
Direction Motor through the device interface. 

Step— A 4//s (MFM) or8/ys (FM) pulse is provided as an 
output to the drive. For every step pulse issued, the 
drive moves one track location in a direction determined 
by the direction output. 

Direction (DIRC)— The Direction signal is active high 
when stepping in and low when stepping out. The Direc- 
tion signal is valid 24 /vs before the first stepping pulse 
is generated. 

When a Seek, Step or Restore command is executed an 
optional verification of Read-Write head position can be 
performed by setting bit 2 (V = 1) in the command word 
to a logic 1. The verification operation begins at the end 
of the 30 millisecond settling time after the head is 
loaded against the media. The track number from the 
first encountered ID Field is compared against the 
contents of the Track Register. If the track numbers 
compare and the ID Field Cyclic Redundancy Check 
(CRC) is correct, the verify operation is complete and an 
INTRQ is generated with no errors. The FDC 176X must 
find an ID field with correct track number and correct 
CRC within 5 revolutions of the media; otherwise the 
seek error is set and an INTRQ is generated. 



Table 2. Stepping Rates 



DDEN: 
n r 



TEST=1 


1 
TEST=1 


X 
TEST=0 




1 

1 
1 1 


6 ms 
12 ms 
20 ms 
30 ms 


6 ms 
12 ms 
20 ms 
30 ms 


368/us 
380/iS 
396//S 
416/iS 



The Head Load (HLD) output controls the movement of 
the read/write head against the media. HLD is activated 
at the beginning of a Type I command if the h flag is 
set (h = 1), at the end of the Type I command if the verify 
flag (V=1), or upon receipt of any Type II or III command. 
Once HLD is active it remains active until either a Type I 
command is received with (h = and V=0); or if the 
FDC 176X is in an idle state (non-busy) and 15 index 
pulses have occurred. 

Head Load Timing (HLT) is an input to the FDC 176X 
which is used for the head engage time. When HLT=1, 
the FDC 176X assumes the head is completely engaged. 
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The head engage time is typically 30 to 100 ms depend- 
ing on drive. The low to high transition on HLD is 
typically used to fire a one shot. The output of the one 
shot is then used for HLT and supplied as an input to 
the FDC 176X. 



HLDf- 



f. 



50 TO 100mS- 



HLT (FROM ONE SHOT) 



Head Load Timing 

When both HLD and HLT are true, the FDC 176X will 
then read from or write to the media. The "and" of HLD 
and HLT appears as a status bit in Type I status. 



TYPE I COMMANDS FLAG SUMMARY 



h = HeadLoadFlag(Bit3) 
h=1, Load head at beginning 
h=0, Unload head at beginning 

V= Verify flag (Bit 2) 

V=1, Verify on destination track 
V=0, No verify 

n r = Stepping motor rate (Bits 1-0) 

Refer to Table 2 for rate summary 
u= Update flag (Bit 4) 

u=1, Update Track register 
u=0, No update 



EXCEPTIONS 

On the FDC 1765/7 devices, the SSO output is not affected 
during Type 1 commands, and an internal side compare 
does not take place when the (V) Verify Flag is on. 

Type II Commands 

The Type II Commands are the Read Sector and Write 
Sector commands. Prior to loading the Type II Command 
into the Command Register, the system must load the 
Sector Register with the desired sector number. Upon 
receipt of the Type II command, the busy status Bit is 
set. If the E flag=1 (this is the normal case) HLD is made 
active and HLT is sampled until trueaftera30 msec delay. 
If the E flag is 0, HLD is made active and HLT is sampled 
with no delay until true. The ID field and Data Field 
format are shown below. 

When an ID field is located on the disk, the FDC 176X 
compares the Track Number on the ID field with the 
Track Register. If there is not a match, the next encountered 
ID field is read and a comparison is again made. If there 
is a match, the Sector Number of the ID field is compared 
with the Sector Register. If there is not a Sector match, 
the next encountered ID field is read off the disk and 



comparisons again made. If the ID field CRC is correct, 
the data field is then located and will be either written 
into, or read from depending upon the command. The 
FDC 176X must find an ID field with a Track number, 
Sector number, side number, and CRC within four 
revolutions of the disk; otherwise, the Record not found 
status bit is set (Status bit 3) and the command is ter- 
minated with an interrupt. 

Each of the Type II Commands contains an (m) flag 
which determines if multiple records (sectors) are to be 
read or written, depending upon the command. If m=0, 
a single sector is read or written and an interrupt is 
generated at the completion of the command. If m = 1, 
multiple records are read or written with the sector 
register internally updated so that an address verification 
can occur on the next record. The FDC 176X will read 
or write multiple records starting with the sector pre- 
sently in the sector register. The FDC 176X will continue 
to read or write multiple records and update the sector 
register in numerical ascending sequence until the 
sector register exceeds the number of sectors on the 
track or until the Force Interrupt command is loaded into 
the Command Register, which terminates the command 
and generates an interrupt. 

If the Sector Register exceeds the number of sectors on 
the track, the Record-Not-Found status bit will be set. 
The Type II commands also contain side select compare 
flags. When C=0, no side comparison is made. When 
C=1, the LSB of the side number is read off the ID 
Field of the disk and compared with the contents of 
the (S) flag. If the S flag compares with the side number 
recorded in the ID field, the 176X continues with the ID 
search. If a comparison is not made within 5 index 
pulses, the interrupt line is made active and the Record- 
Not-Found status bit is set. 

The Type II and III commands for the FDC 1765/67 
contain a side select flag (bit 1). When U = 0, SSO 
is updated to 0. Similarly, U = 1 updates SSO to 1. The 
chip compares the SSO to the ID field. If they do not 
compare within 5 revolutions, the interrupt line is made 
active and the RNF status bit is set. 
The FDC 1765/7 READ SECTOR and WRITE SECTOR 
commands include a 'b' flag. The 'b' flag, in conjunction 
with the sector length byte of the ID Field, allows different 
byte lengths to be implemented in each sector. For IBM 
compatibility, the 'b' flag should be set to a one. The 
's' flag allows direct control over the SSO Line (Pin 25) 
and is set or reset at the beginning of the command, 
dependent upon the value of this flag. 



Sector Length Table (1761/3 only) 



Sector Length 
Field (hex) 



Number of Bytes 
in Sector (decimal) 



00 
01 
02 
03 



128 

256 

512 

1024 



Field Format 



GAP 
III 


ID 
AM 


TRACK 
NUMBER 


SIDE 
NUMBER 


SECTOR 
NUMBER' 


SECTOR 
LENGTH 


CRC 
1 


CRC 
2 


GAP 
II 


DATA 
AM 


DATA FIELD 


CRC 
1 


CRC 
2 


ID FIELD 


DATA FIELD 



In MFM only, IDAM and DATA AM are preceded by three bytes of A1 with clock transition between bits 4 and 5 missing. 
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Read Sector 

Upon receipt of the Read Sector command, the head is 
loaded, the Busy status bit set, and when an ID field 
is encountered that has the correct track number, 
correct sector number, correct side number, and correct 
CRC, the data field is presented to the computer. The 
Data Address Mark of the data field must be found within 
30 bytes in single density and 43 bytes in double density 
of the last ID field CRC byte; if not, the Record-Not- 
Found status bit is set and the operation is terminated. 
When the first character or byte of the data field has 
been shifted through the DSR, it is transferred to the DR, 
and DRQ is generated. When the next byte is accumu- 
lated in the DSR, it is transferred to the DR and another 
DRQ is generated. If the Computer has not read the 
previous contents of the DR before a new character is 
transferred that character is lost and the Lost Data 
Status bit is set. This sequence continues until the com- 
plete data field has been inputted to the computer. If 
there is a CRC error at the end of the data field, the 
CRC error status bit is set, and the command is termi- 
nated (even if it is a multiple record command). 
At the end of the Read operation, the type of Data 
Address Mark encountered in the data field is recorded 
in the Status Register (Bit 5) as shown below: 

STATUS 
BIT 5 



Write Sector 

Upon receipt of the Write Sector command, the head 
is loaded (HLD active) and the Busy status bit is set. 
When an ID field is encountered that has the correct 
track number, correct sector number, correct side 
number, and correct CRC, a DRQ is generated. The 
FDC 176X counts off 11 bytes in single density and 22 
bytes in double density from the CRC field and the Write 
Gate (WG) output is made active if the DRQ is serviced 
(i.e., the DR has been loaded by the computer). If DRQ 
has not been serviced, the command is terminated and 
the Lost Data status bit is set. If the DRQ has been ser- 
viced, the WG is made active and six bytes of zeros in 
single density and 12 bytes in double density are then 
written on the disk. At this time the Data Address Mark 
is then written on the disk as determined by the a field 
of the command as shown below: 



a 



Data Address Mark (Bit 0) 



Deleted Data Mark 
Data Mark 



Deleted Data Mark 
Data Mark 



The FDC 176X then writes the data field and generates 
DRQ's to the computer. If the DRQ is not serviced in 
time for continuous writing, the Lost Data Status Bit is 
set and a byte of zeros is written on the disk. The com- 
mand is not terminated. After the last data byte has been 
written on the disk, the two-byte CRC is computed 
internally and written on the disk followed by one byte 
of logic ones in FM or in MFM. The WG output is 
then deactivated. For a 1 MHz clock, the INTRQ will 
set 16 or 24 //sec after the last CRC byte is written. 



BIT 


COMMAND 


7 


6 


5 


4 


3 


2 


1 





1 








m 


F 2 


E 


F, 





READ SECTOR 


1 





1 


m 


F 2 


E 


Fi 


a 


WRITE SECTOR 



DATA ADDRESS MARK M^»Z™* £ ™ ISSS^^fltiT 
F, (1761/3) SIDE COMPARE FLAG (C^KZS ZT* 
F, (1765/7) SIDE SELECT FLAG (S) -[£$£ ||g £ ? 

dfi ay (F^ T0=No delay between HLD activation and HLT Sampling 

u ay l ' L_1 = 15 ms delay between HLD activating and HLT Sampling 

F 2 (1761/3) SIDE SELECT FLAG (S) -£=g mp p ^ £ J* ° 



_ F 2 (1765/7) SECTOR LENGTH FLAG (b)£° 



0= 



Sector Length Field 
00 01 10 11 



256 512 1024 128 
128 256 512 1024 



MULTIPLE SECTORS 



. _T0=Read (or Write) Single Sectors 
lm,_ Ll=Read (or Write) Multiple Sectors 



Figure 1. Type II and III Flag Summary 
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Type III Commands 

There are three Type III Commands: 

• READ ADDRESS— Read the next ID field (6 bytes) 
into the FDC. 

• READ TRACK— Read all bytes of the entire track, 
including gaps. 

• WRITE TRACK— Write all bytes to the entire track, 
including gaps. 

Read Address 

Upon receipt of the Read Address command, the head is 
loaded and the Busy Status Bit is set. The next en- 
countered ID field is then read in from the disk, and the 
six data bytes of the ID field are assembled and trans- 
ferred to the DR, and a DRQ is generated for each byte. 
The six bytes of the ID field are shown below: 



TRACK 
ADDR 


SIDE 
NUMBER 


SECTOR 
ADDRESS 


SECTOR 
LENGTH 


CRC 
1 


CRC 
2 


1 


2 


3 


4 


5 


6 



Although the CRC characters are transferred to the 
computer, the FDC176X checks for validity and the CRC 



error status bit is set if there is a CRC error. The Track 
Address of the ID field is written into the sector register. 
At the end of the operation an interrupt is generated and 
the Busy Status is reset. 

Read Track 

Upon receipt of the Read Track command, the head is 
loaded and the Busy Status bit is set. Reading starts 
with the leading edge of the first encountered index 
pulse and continues until the next index pulse. As each 
byte is assembled it is transferred to the Data Register 
and the Data Request is generated for each byte. No 
CRC checking is performed. Gaps are included in the 
input data stream. The accumulation of bytes is synchro- 
nized to each Address Mark encountered. Upon com- 
pletion of the command, the interrupt is activated. RG 
is not activated during the Read Track Command. An 
internal side compare is not performed during a 
Read Track. 

This command has several characteristics which make it 
suitable for diagnostic purposes. They are: the Read 
Gate is not activated during the command; no CRC 
checking is performed; gap information is included in 
the data stream; the internal side compare is not per- 




2 BYTE CRC 
WRITTEN 
DR = F7 



01-1A 
01-OF 
01-08 



•DR = F5 WRITE 3 TIMES MFM ONLY 



Figure 2. IBM 
Compatible Sector/Track Format 



Table 3. Control Bytes For Initialization 



DATA PATTERN 


FDC 176X INTERPRETATION 


FDC 176X INTERPRETATION 


IN DR (HEX) 


IN FM (DDEN = 1) 


IN MFM (DDEN = 0) 


00 thru F4 


Write 00 thru F4 with CLK = FF 


Write 00 thru F4, in MFM 


F5 


Now Allowed 


Write A1* in MFM, Preset CRC 


F6 


Not Allowed 


Write C2** in MFM 


F7 


Generate 2 CRC bytes 


Generate 2 CRC bytes 


F8 thru FB 


Write F8 thru FB, Clk = C7, Preset CRC 


Write F8 thru FB, in MFM 


FC 


Write FC with Clk = D7 


Write FC in MFM 


FD 


Write FD with Clk = FF 


Write FD in MFM 


FE 


Write FE, Clk = C7, Preset CRC 


Write FE in MFM 


FF 


Write FF with Clk = FF 


Write FF in MFM 



"Missing clock transition between bits 4 and 5 
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"Missing clock transition between bits 3 and 4. 



formed; and the address mark detector is on for the 
duration of the command. Because the A.M. detector 
is always on, write splices or noise may cause the chip 
to look for an A.M. If an address mark does not appear 
on schedule the Lost Data status flag is set. The ID A.M., 
ID field, ID CRC bytes, DAM, Data, and Data CRC 
Bytes for each sector will be correct. The Gap Bytes 
may be read incorrectly during write-splice time 
because of synchronization. 

Write Track 

Upon receipt of the Write Track command, the head is 
loaded and the Busy Status bit is set. Writing starts 
with the leading edge of the first encountered index 
pulse and continues until the next index pulse, at which 
time the interrupt is activated. The Data Request is 
activated immediately upon receiving the command, 
but writing will not start until after the first byte has been 
loaded into the Data Register. If the DR has not been 
loaded by the time the index pulse is encountered the 
operation is terminated making the device Not Busy, the 
Lost Data Status Bit is set, and the Interrupt is activated. 
If a byte is not present in the DR when needed, a byte of 
zeros is substituted. Address Marks and CRC characters 
are written on the disk by detecting certain data byte 
patterns in the outgoing data stream as shown in the 
table below. The CRC generator is initialized when any 
data byte from F8 to FE is about to be transferred from 
the DR to the DSR in FM or by receipt of F5 in MFM. 

Disk formatting (initialization) is accomplished by the 
Write Track command. Each byte for the entire track 
must be provided for proper formatting. This includes 
gap as well as data bytes. 

The sequence required to format a diskette begins with 
positioning the Read/Write head at the desired track. 
Once this has been done, it is necessary to perform a 
Write Track command to store all the information on a 
track. The Write Track command uses DRQ to request 
each byte from the system MPU, starting with the byte at 
the beginning of the physical Index Pulse and ending 
with the last gap bytes at the end of the track. Figure 2 
illustrates the IBM standard for track formatting. 

Normally, each data byte stored on the diskette must 
be generated by the system MPU and passed into the 
FDC Data Register. However, there are exceptions to 
this rule. If a data byte of hex F5 through FE is entered 
into the Data Register, then the FDC recognizes this as 
an AM with missing clocks or CRC generation code. 
Consequently, F5 through FE must not be used in gaps, 
data fields, or ID fields, as this will disrupt normal opera- 
tion of the FDC during formatting. Table 3 shows the 
definition of F5 through FE for disk intialization. 



Type IV Commands 

Force Interrupt is the only Type IV command. This 
command permits the MPU to terminate (abort) any 
command in progress. Figure 3 tabulates the Type IV 
command option bits. 

The four bits, lo-l 3 , are used to select the condition of the 
interrupt occurrence. Regardless of which bit is set, any 
command currently being executed is immediately 
terminated and the Busy status bit is cleared, indicating 
"Not Busy". Then, when the condition is met, INTRQ 
goes high, causing the required interrupt. 
If lo-b are all "0", no interrupt occurs, but any currently 
executing command is immediately terminated. If more 
than one condition is selected, then the interrupt occurs 
when any of the conditions is met. 
To clear the interrupt, it is necessary to read the Status 
Register or to write the Command Register. An exception, 
however, is for l 3 =1 (Immediate Interrupt). For this case, 
the interrupt is cleared with another Force Interrupt 
command with l -l 3 all low. 

It is necessary to wait 16 microseconds (double density) 
or 32 microseconds (single density) before issuing a 
new command after issuing a force interrupt. Loading 
a new command sooner than this will nullify the forced 
interrupt. 

Status Register 

The Status Register permits the MPU to monitor a variety 
of conditions in the FDC. For each command, the 
individual status bits have their own meaning. When a 
command is initiated (except for the Force Interrupt 
command), the Busy status bit is set and the others are 
cleared or updated. If the Force Interrupt command is 
entered when another command is in progress, the 
Busy status bit is cleared, but the others remain 
unaffected. However, if the Force Interrupt command 
is initiated when there is not another command in pro- 
gress, the other status bits are cleared or updated and 
represent the Type I Command status. Figure 4 illustrates 
the meaning of the status bits for each command. 
The user has the option of reading the status register 
through program control or using the DRQ line with 
DMA or interrupt methods. When the Data register is 
read the DRQ bit in the status register and the DRQ line 
are automatically reset. A write to the Data register 
also causes both DRQ's to reset. 
The busy bit in the status may be monitored with a user 
program to determine when a command is complete, in 
lieu of using the INTRQ line. When using the INTRQ, a 
busy status check is not recommended because a read 
of the status register to determine the condition of 
busy will reset the INTRQ line. 

Because of internal sync cycles, certain time delays 
must be observed when operating under programmed 
I/O. They are shown in Figure 3A. 



FORCE INTERRUPT 



I READY TRANSITlON-j ° Fore" 6 ' 

_ J~~ No Effect 

b i 1 Forces INTRO 

-J~ No effect 

fc !_' Forces INTRO trr 



NTRQ when READY n 



NOT-READY TRANSITION- 
INDEX PULSE- 



1 READY input goes h.gtvt 



Figure 3. 
Force Interrupt Command Flags 



Operation 


Next Operation 


Delav 

FM 


Req'd. 
MFM 


Write to 
Command Reg. 


Read Busy Bit 
(Status Bit 0) 


24 /is 


12 /ys 


Write to 
Command Reg. 


Read Status 
Bits 1-7 


56/js 


28 (js 


Write Any 
Register 


Read From Diff. 
Register 









Figure 3 A. 
Observed delay during programmed I/O 
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Figure 4A. Status Register Summary 



COMMAND 


STATUS BIT 


7 


6 


5 


4 


3 


2 


1 





ALL TYPE 1 


Not Ready 


Write Protect 


Head Loaded 


Seek Error 


CRC Error 


Track 


Index 


Busy 


READ SECTOR 


Not Ready 





Record Type 


Rec not Found 


CRC Error 


Lost Data 


DRQ 


Busy 


WRITE SECTOR 


Not Ready 


Write Protect 


Write Fault 


Rec not Found 


CRC Error 


Lost Data 


DRQ 


Busy 


READ ADDRESS 


Not Ready 








Rec not Found 


CRC Error 


Lost Data 


DRQ 


Busy 


READ TRACK 


Not Ready 














Lost Data 


DRQ 


Busy 


WRITE TRACK 


Not Ready 


Write Protect 


Write Fault 








Lost Data 


DRQ 


Busy 



Figure 4B. Status Description for Type I Commands 



BIT 


NAME 


MEANING 


S7 


NOT READY 


This bit when set indicates the drive is not ready. When reset it indicates that the drive is 
ready. This bit is an inverted copy of the Ready input and logically 'ored' with MR. 


S6 


PROTECTED 


When set, indicates Write Protect is activated. This bit is an inverted copy of WRPT input. 


S5 


HEAD LOADED 


When set, it indicates the head is loaded and engaged. This bit is a logical "and" of HLD 
and HLT signals. 


S4 


SEEK ERROR 


When set, the desired track was not verified. This bit is reset to when updated. 


S3 


CRC ERROR 


CRC encountered in ID field. 


S2 


TRACK 00 


When set, indicates Read/Write head is positioned to Track 0. This bit is an inverted copy 
of the TR00 input. 


S1 


INDEX 


When set, indicates index mark detected from drive. This bit is an inverted copy of the 
IP input. 


SO 


BUSY 


When set command is in progress. When reset no command is in progress. 



Figure 4C. Status Description for Type II and III Commands 



BIT 


NAME 


MEANING 


S7 


NOT READY 


This bit when set indicates the drive is not ready. When reset, it indicates that the drive 
is ready. This bit is an inverted copy of the Ready input and 'ored' with MR. The Type II 
and III Commands will not execute unless the drive is ready. 


S6 


WRITE PROTECT 


On Read Record: Not Used. On Read Track: Not Used. On any Write: It indicates a Write 
Protect. This bit is reset when updated. 


S5 


RECORD TYPE/ 
WRITE FAULT 


On Read Record: It indicates the record-type code from data field address mark. 
1 = Deleted Data Mark. 0=Data Mark. On any Write: It indicates a Write Fault. This bit is 
reset when updated. 


S4 


RECORD NOT 
FOUND (RNF) 


When set, it indicates that the desired track, sector, or side were not found. This bit is reset 
when updated. 


S3 


CRC ERROR 


If S4 is set, an error is found in one or more ID fields; otherwise it indicates error in data 
field. This bit is reset when updated. 


S2 


LOST DATA 


When set, it indicates the computer did not respond to DRQ in one byte time. This bit is 
reset to zero when updated. 


S1 


DATA REQUEST 


This bit is a copy of the DRQ output. When set, it indicates the DR is full on a Read Operation 
or the DR is empty on a Write operation. This bit is reset to zero when updated. 


SO 


BUSY 


When set, command is under execution. When reset, no command is under execution. 
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Write Data Timing: 



PARAMETER 


SYMBOL 


MIN. 


TYP 


MAX. 


UNITS 


CONDITIONS 


Write Data Pulse Width 


T W p 


900 


1000 


550 


nsec 


FM 






300 


500 


250 


nsec 


■MFM 


Write Gate to Write Data 


T W g 




4 
2 




/usee 
//sec 


FM 
MFM 


Write data cycle Time 


Tbc 




4, 6, or 8 




/usee 


±CLK Error 


Early (Late) to Write Data 


T s 


250 






nsec 


MFM 


Early (Late) From 


Th 


250 






nsec 


MFM 


Write Data 














Write Gate off from WD 


T w f 




4 
2 




fjsec 
jjsec 


FM 
MFM 


WD Valid to Clk 


Twdl 


100 






nsec 




WD Valid after Clk 


Twd2 


100 






nsec 





WRITE GATE _J 

"*1 T W g f-^ T(j C ^| T wp | * 



WRITE DATA 



■-I ^ ^ 



EARLY OR LATE 
(IF ON) 



L_ 

Twf («•- 



CLK 




•m 500 ns 


mA 


I 




I 










'//////A 


\/////a 






Twd1 *-j 


r* T wd2 
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MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range 0°C to +70°C 

Storage Temperature Range — 55° C to +150°C 

Lead Temperature (soldering, 10 sec.) +325°C 

Positive Voltage on any Pin, with respect to ground +15V 

Negative Voltage on any Pin, with respect to ground —0.3V 

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute 
Maximum Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes 
or "glitches" on their outputs when the AC power is switched on and off. In addition, voltage transients on the 
AC power line may appear on the DC output. If this possibility exists it is suggested that a clamp circuit be used. 

ELECTRICAL CHARACTERISTICS (T A =0°C to 70°C, V C c=+5V±5%, V DD = + 12V±5% unless otherwise noted) 

PARAMETER SYMBOL MIN TYP MAX UNIT COMMENTS 

DC CHARACTERISTICS 

Input Voltage Levels 

Low Level, Vil 0.8 V 

High Level, V, H 2.6 V 
Output Voltage Levels 

Low Level Vol 0.45 V l OL = 1.0 mA 

High Level Voh 2.8 V l OH =100/iA 

Output Leakage, l L o 10 /vA V ut=V D d 

Input Leakage, Iil 10 /vA Vi N =V D d 

Output Capacitance 5 pf 

Input Capacitance 10 pf 

Power Dissipation 600 mW 

AC CHARACTERISTICS 

Processor Read Timing 

Address Setup Time tsETR 50 ns Figure 5 

Address Hold Time t H LDR 10 ns Figure 5 

RE Pulse Width (C L =50pF) t RE 400 ns Figure 5 

DRQ Reset Time t D RR 500 ns Figure 5 

INTRO Reset Time ti RR 1000 6000 ns Figure 5 

Data Delay Time (Ci_=50pF) tDAcc 350 ns Figure 5 

Data Hold Time (C L =50pF) t D o H 50 150 ns . Figure 5 

Microprocessor Write Timing 

Address Setup Time tsETw 50 ns Figure 6 

Address Hold Time Wow 10 ns Figure 6 

WE Pulse Width t W E 350 ns Figure 6 

DRQ Reset Time t D RR 500 ns Figure 6 

INTRO Reset Time ti RR 1000 6000 ns Figure 6 

Data Setup Time tps 250 ns Figure 6 

Data Hold Time t D H 70 ns Figure 6 

Disk Input Data Timing 

RAWREAD Pulse Width t pw 100 200 ns Figure 7, See Note 

Clock Setup Time t d 40 ns Figure 7 See Note 

Clock Hold Time for MFM t C d 40 ns Figure 7 

Clock Hold Time for FM t cs 40 ns Figure 7 

RAWREAD Cycle Time t bc 3000 ns 3600 at 70° C, Figure 7 

RCLK High Puise Width "™ ,. ]* \ % W 

RCLK Low Pulse Width "™ U \% \ £ » 

RCLK Cycle Time "™ u J ,s Figure 7 

Miscellaneous Timing 
CLK Low Pulse Width t C Di 460 500 20000 ns Figure 8 

CLK High Pulse Width t CD 2 460 500 20000 ns Figure 8 

STEP Puise Width MJM w 4 8 £ « 

DIRC Setup Time t D i R 24 /vs Figure 8 
MR Pulse Width t MR 50 /js Figure 8 
IP Pulse Width ti P 10 fjs Figure 8 
WF Pulse Width t W F 10 (is Figure 8 
CLK Cycle Time tcvc "L0 (is Figure 8 
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Figure 5. 

Microprocessor 
Read Timing 



-32/js (MFM) or 64/js (FM)- 



CS- 
Ao.A,- 



V 



Z3CTT 



J^-4*- T --*j 






\ r 



T — 1 t 



m 



Figure 6. 
Microprocessor 
Write Timing 






32/js (MFM) or64^s (FM)- 



CS 

Ao.A, 

WE 



.DCTi 






|^ Tset j_ Twe _j i 



A I 

"I 



cnz^ 



-i TDH h 



Figure 7. 
Disk Input 
Timing 



3 



U" 



Nuti' Pulse width on F1AW READ (Pin 27) is normally 10-300 ns However, pulse may be any width it pu 
within window II pulse occurs in both windows, then pulse width must be less than 600 ns tor MKM at CLK 
IL>00 ns lor FM at 1 MHi 



Figure 8. 

Miscellaneous 

Timing 



CIRC 1 STEP IN 



_ n 



n 
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DISK FORMATS 



Disks may be formatted in IBM 3740 or System 34 
formats with sector lengths of 128, 256, 512, or 
1024 bytes. 

IBM 3740 Format 

This single-density (FM) format utilizes 128 bytes/ 
sector. The bytes to be generated by the system 
MPU for use in the execution of the Write Track 
command are shown in Figure 9. 

IBM System 34 Format 

This double-density (MFM) format utilizes 256 
bytes/sector. The bytes to be generated by the 
system MPU for use in the execution of the Write 
Track command are shown in Figure 10. 

Non-IBM Formats 

Unique (non-IBM) formats are permissible provid- 
ing the following restrictions are understood. 

• Sector length may only be 128, 256, 512, or 
1024 bytes. 

• Gap sizes must conform to Figure 11. 

In addition, the Index Address Mark is not required 
for operation by the FDC 176X. Gap 1, 3, and 4 
lengths can be as short as 2 bytes for FDC 176X 
operation, however PLL lock up time, motor speed 
variation, write-splice area, etc. will add more bytes 
to each gap to achieve proper operation. It is 
recommended that the appropriate format be used 
for highest system reliability. 



ONE 
SECTOR - 

© 



Figure 9. 
Byte Sequence 
for IBM 3740 
Formatting 



DATA 
BYTE 


NO. OF 
BYTES 


COMMENTS 


(hex) 






FF 


40" 




_Gap 5 
(Post Index) 


00 


6j 






FC 


1 


Index AM 


FF 


26 












-Gap 1 


00 


6 






FE 




ID AM 


XX 




Track Number 
(00-4C) 


ox 




Side Number 
(00 or 01) 


XX 




Sector Number 
(01-1A) 


00 




Sector Length 
(128 bytes) 


F7 




Causes 2-Byte 
CRC to be 
Written 


FF 
00 


V 


•Gap 2 (ID Gap) 


FB 




Data AM 


E5 


128 


Data Field 


F7 




Causes 2-Byte 
CRC to be 

Written 


FF 


27 


Part of Gap 3 




247 ® 


(Data Gap) 


FF 


Gap 4 






(Pre Index) 



ONE 
SECTOR 1 

© 



Figure 10. 
Byte Sequence 
for IBM System-34 
Formatting 



DATA 
BYTE 
(hex) 


NO. OF 
BYTES 


COMMENTS 


4E 


80 




_Gap 5 
(Post Index) 


00 


12 






F6 


3 


Writes C2 


FC 


1 


Index AM 


4E 


50") 




00 


12]- 


-Gap 1 


F5 


3 


Writes A1 


FE 




ID AM 


XX 




Track Number 
(00-4C) 


OX 




Side Number 
(00 or 01) 


XX 




Sector Number 
(01-1A) 


01 




Sector Length 
(256 Bytes) 


F7 




Causes 2-Byte 
CRC to be 
Written 


4E 
00 


22~"I--Gap2 (ID Gap) 
12j 


F5 


3 


Writes A1 


FB 


1 


Data AM 


40 


256 


Data Field 


F7 


1 


Causes 2-Byte 
CRC to be 

Written 


4E 
4E 


54 
598© 


Part of Gap 3 
(Data Gap) 
Gap 4 
(Pre Index) 



1. THIS PATTERN MUST BE 
WRITTEN 26 TIMES PER 
TRACK. 

2. CONTINUE WRITING HEX 
4E UNTIL FDC COMPLETES 
SEQUENCE AND GENERATES 
INTRO INTERRUPT 



GAP 


SINGLE 

DENSITY 

(FM) 


DOUBLE 

DENSITY 

(MFM) 


NOTE 


Gap 1 


16 bytes FF 


16 bytes 4E 


2 


Gap 2 


11 bytes FF 
6 bytes 00 


22 bytes 4F 
1 2 bytes 00 
3 bytes A1 


1 


Gap 3 


10 bytes FF 
4 bytes 00 


16 bytes 4E 
8 bytes 00 
3 bytes A1 


,2 


Gap 4 


16 bytes FF 


16 bytes 4E 


2 



NOTES: 1. THESE BYTES COUNTS ARE EXACT. 

2. THESE BYTES COUNTS ARE MINIMUM 

EXCEPT FOR 3 BYTES A1. WHICH IS EXACT. 



Figure 11. Gap Size Limitations 



NOTES: 1. THIS PATTERN MUST BE WRITTEN 26 TIMES PER TRACK. 
2. CONTINUE WRITING HEX FF UNTIL FDC COMPLETES 
SEQUENCE AND GENERATES INTRO INTERRUPT 



STANDARD MICROSYSTEMS 
CORPORATION, 



' 35 Marcus Bivo Hamauge I 

weteep ahead of ouroarnpetitirjnso you can teep ahead of vourc 



Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORAnOP^^^^= 



V 



Floppy Disk 

Controller/Formatter 

FDC 



FDC 1791-02 
FDC 1792-02 
FDC 1793-02 
FDC 1794-02 
FDC 1795-02 
FDC 1797-02 

//PC FAMILY 



FEATURES 

□ SOFT SECTOR FORMAT COMPATIBILITY 

□ AUTOMATIC TRACK SEEK WITH VERIFICATION 

□ ACCOMMODATES SINGLE AND DOUBLE 
DENSITY FORMATS 

IBM 3740 Single Density (FM) 
IBM System 34 Double Density (MFM) 
DREAD MODE 

Single/Multiple Sector Read with Automatic Search 

or Entire Track Read 
Selectable 128 Byte or Variable Length Record 

□ WRITE MODE 

Single/Multiple Sector Write with Automatic Sector 

Search 
Entire Track Write for Diskette Initialization 

□ PROGRAMMABLE CONTROLS 
Selectable Track to Track Stepping Time 
Side Select Compare 

□ SYSTEM COMPATIBILITY 

Double Buffering of Data 8 Bit Bi-Directional Bus for 

Data, Control and Status 
DMA or Programmed Data Transfers 
All Inputs and Outputs are TTL Compatible 
On-chip Track and Sector Registers/Comprehensive 

Status Information 

□ WRITE PRECOMPENSATION (MFM AND FM) 

□ SIDE SELECT LOGIC (FDC 1795, FDC 1797) 

□ WINDOW EXTENSION (IN MFM) 

GENERAL 

The FDC 179X is an MOS/LSI device which performs the 
functions of a Floppy Disk Controller/Formatter in a 
single chip implementation. The basic FDC 179X chip 
design has evolved into six specific parts: FDC 1791, 
FDC 1792, FDC 1793, FDC 1794, FDC 1795, and the 
FDC 1797. 

This FDC family performs all the functions necessary 
to read or write data to any type of floppy disk drive. 
Both 8" and 5 1 /»" (mini-floppy) drives with single or 
double density storage capabilities are supported. 
These n-channel MOS/LSI devices will replace a large 
amount of discrete logic required for interfacing a host 
processor to a floppy disk. 

The FDC 1791 is IBM 3740 compatible in single density 
mode (FM) and System 34 compatible in double density 
mode (MFM). The FDC 1791 contains enhanced fea- 
tures necessary to read/write and format a double 



PIN CONFIGURATION 



NC 
WE 

cs 

RE 

A 

A, 

DAL0" 

DAL1* 

DAL 2* 

DAL 3* 

DAL 4* 

DAL 5* 

DAL 6* 

DAL 7' 

STEP 

DIRC 

EARLY 

LATE 

MR 

GND 



( 


1 40 1 


[ 


2 


39 3 


[ 


3 


38 ] 


[ 


4 


37 3 


[ 


5 


36 : 


t 


6 


35 ] 


c 


7 


34 ] 


[ 


8 


33 ] 


[ 


9 I 


1 32 ] 


t 


10 


31 ] 


c 


11 


30 3 


C 12 ] 


' 29 3 


c 


13 


28 ] 


[ 


14 


27 ] 


c 


15 


26 3 


[ 


16 


25 ] 


[ 


17 


24 3 


C 18 


23 ] 


C 


19 


22 ] 


t 


20 


21 ] 



+ 12V 

INTRQ 

PRO 

DDEN " 

WPRT 

IIP 

TR00 

WF 

READY 

WD 

WG 

TG43 

HLD 

RAW READ 

RCLK 

RG/SSO 

CLK 

HLT 

TEST 

+5V 



•INVERTED BUS FOR FDC 1791, FDC 1792. FDC 1795 

"MUST BE LEFT OPEN FOR FDC 1792 and FDC 1794 

PACKAGE: 40 pin D.I. P. 



□ INCORPORATES ENCODING/DECODING 
AND ADDRESS MARK CIRCUITRY 

□ COMPATIBLE WITH FD179X-02 

□ COPLAMOS® n-CHANNEL MOS TECHNOLOGY 

□ COMPATIBLE WITH THE FDC 9216 FLOPPY DISK 
DATA SEPARATOR 

DESCRIPTION 

density diskette. These include address mark detection, 
FM and MFM encode and decode logic, window ex- 
tension, and write precompensation. 

The FDC 1793 is identical to the FDC 1791 except the 
DAL lines are TRUE for systems that utilize true 
data busses. 

The FD C 1792 operates in the single density mode only. 
Pin 37 (DDEN) of the FDC 1792 must be left open for 
proper operation. The FDC 1794 is identical to the 
FDC 1792 except the DAL lines are TRUE for systems 
that utilize true data busses. The FDC 1795 adds side 
select logic to the FDC 1791. The FDC 1797 adds the 
side select logic to the FDC 1793. 

The processor interface consists of an 8 bit bidirectional 
bus for data, status, and control word transfers. This 
family of controllers is configured to operate on 
multiplexed bus with other bus-oriented devices. 
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DAL 



FDC 179X BLOCK DIAGRAM 



WRITE DATA - 
(TO DISK) 



DATA 
SHIFT 
REG 



•tn 



<i 



n 



t^-j 



-C RAW READ 



DRO 




COMPUTER 
INTERFACE 
CONTROL 


CONTROL 


PLA 
CONTROL 
(230 x 16) 


CONTROL 


DISK 
INTERFACE 
CONTROL 




WG 




INTRO 




TG43 








WPRT 


MB 




WF/VFOE 




a 


" 




IP 




RE" 


' 




TROO 




w? 


' 


READY 


AO 


* 






~* 


STEP 




A1 


" 


DIRC __ 








EARLY 








LATE 




CLK 




RG/SSO 


m 


DDEN 






HLD 






HLT 



















^ DATA (8) ^ 



SYSTEM BLOCK DIAGRAM 



1' 



FLOPPY DISK 
CONTROLLER/ 
FORMATTER 



GND Vdd Vcc 

m 



10K 
WG 



WF7VFO"E" 



ONE SHOT 
(IF USED) 
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DESCRIPTION OF PIN FUNCTIONS 



PIN NO. 


NAME 


SYMBOL 


FUNCTION 


1 


NO CONNECTION 


NC 


This pin is internally connected to the substrate bias generator and 
must be left open. 


20 


GROUND 


Vss 


Ground 


21 


POWER SUPPLY 


Vcc 


+ 5V 


40 


POWER SUPPLY 


Vdd 


+ 12V 


19 




MR 


A logic low on this input resets the device and loads HEX 03 into 
the_ command register. The Not Ready (Status Bit 7) is reset during 
MR ACTIVE. When MR is brought to a logic high a Restore 
Command is executed, regardless of the state of the Ready signal 
from the drive. Also, HEX 01 is loaded into the sector register. 


MASTER RESET 


COMPUTER INTERFACE: 


2 




WE 


A logic low on this input gates data on the DAL into the selected 
register when CS is low. 


WRITE ENABLE 


3 




CS 


A logic low on this input selects the chip and the parallel 
data bus (DAL). 


CHIP SELECT 


4 




RE 


A logic low on this input controls the placement of data from a 
selected register on DAL0-DAL7 when CS is low. 


READ ENABLE 


5,6 


REGISTER SELECT 
LINES 


A0, A1 


These inputs select the register to receive/transfer data on the DAL 
lines under RE and WE control: 




A1 


A0 


RE 


WE 






1 

1 



1 

1 


Status Reg 
Track Reg 
Sector Reg 
Data Reg 


Command Reg 
Track Reg 
Sector Reg 
Data Reg 


7-14 


DATA ACCESS LINES 


DAL0- 
DAL7 


Eight bit Bidirectional bus used for transfer of data, control, and 
status. This bus is a receiver enabled by WE or a transmitter 
enabled by RE. The Data Bus is inverted on the FDC 1791, FDC 1792 
and FDC 1795. 


24 


CLOCK 


CLK 


This input requires a free-running square wave clock for internal 
timing reference, 2 MHz for 8" drives, 1 MHz for 5V4" drives. 


38 


DATA REQUEST 


DRQ 


This open drain output indicates that the DR contains assembled 
data in Read operations, or the DR is empty in Write operations. 
This signal is reset when serviced by the computer through reading 
or loading the DR in Read or Write operations, respectively. Use a 
10K pull-up resistor to +5V. 


39 


INTERRUPT REQUEST 


INTRQ 


This open drain output is set at the completion or termination 
of any operation and is reset when a new command is loaded into 
the command register or the status register is read. Use a 10K 
pull-up resistor to +5V. 


FLOPPY 


DISK INTERFACE: 






15 


STEP 


STEP 


Step and direction motor control. The step output contains a pulse 
for each step. 


16 


DIRECTION 


DIRC 


Direction Output is active high when stepping in, active low when 
stepping out. 


17 


EARLY 


EARLY 


Indicates that the write data pulse occurring while Early is active 
(high) should be shifted early for write precompensation. 


18 


LATE 


LATE 


Indicates that the write data pulse occurring while Late is active 
(high) should be shifted late for write precompensation. 


22 








TEST 


TEST 


This input is used for testing purposes only and should be tied to 
+ 5V or left open by the user unless interfacing to voice coil 
actuated motors. 


23 


HEAD LOAD TIMING 


HLT 


When a logic high is found on 
to be engaged. 


the HLT input the head is assumed 
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PIN NO. 


NAME 


SYMBOL 


FUNCTION 


25 


READ GATE (1791/3) 


RG 


A high level on this output indicates to the data separator circuitry 
that a field of zeros (or ones) has been encountered, and is used 
for synchronization. 


25 


SIDE SELECT OUTPUT 
(1795, 1797) 


SSO 


The logic level of the Side Select Output is directly controlled by 
the 'S' flag in Type II or III commands. When S = 1, SSO is set to 
a logic 1. When S=0, SSO is set to a logic 0. The Side Select Output 
is only updated at the beginning of a Type II or III command. It is 
forced to a logic upon a MASTER RESET condition. 


26 


READ CLOCK 


RCLK 


A nominal square-wave clock signal derived from the data stream 
must be provided to this input. Phasing (i.e. RCLK transitions) 
relative to RAW READ is important but polarity (RCLK high or low) 
is not. 


27 




RAW 
READ 


The data input signal directly from the drive. This input shall be a 
negative pulse for each recorded flux transition. 


RAW READ 


28 


HEAD LOAD 


HLD 


The HLD output controls the loading of the Read-Write head 
against the media. 


29 


TRACK GREATER 
THAN 43 


TG43 


This output informs the drive that the Read/Write head is positioned 
between tracks 44-76. This output is valid only during Read and 
Write Commands. 


30 


WRITE GATE 


WG 


This output is made valid before writing is to be performed 
on the diskette. 


31 


WRITE DATA 


WD 


A 250 ns (MFM) or 500 ns (FM) pulse per flux transition. WD contains 
the unique Address marks as well as data and clock in both FM and 
MFM formats. 


32 


READY 


READY 


This input indicates disk readiness and is sampled for a logic high 
before Read or Write commands are performed. If Ready is low the 
Read or Write operation is not performed and an interrupt is 
generated. Type I operations are performed regardless of the state 
of Ready. The Ready input appears in inverted format as Status 
Register bit 7. 


33 






This is a bi-directional signal used to signify writing faults at the 
drive, and to enable the external PLO data separator. When WG = 1, 
Pin 33 functions as a WF input. If WF=0, any write command will 
immediately be terminated. When WG=0, Pin 33 functions as a 
VFOE output. VFOE will go low during a read operation after the 
head has loaded and settled (HLT=1). On the 1795/7, it will remain 
low until the last bit of the second CRC byte in the ID field. VFOE 
will then go high until 8 bytes (MFM) or 4 bytes (FM) before the 
Address Mark. It will then qo active until the last bit of the second 
CRC byte of the Data Field. On the 1791/3, VFOE will remain low 
until the end of the Data Field. 


WRITE FAULT/ 
VFO ENABLE 


WF/VFOE 


34 




TR00 


This input informs the FDC179X that the Read/Write head is 
positioned over Track 00. 


TRACK 00 


35 




IP 


This input informs the FDC179X when the index hole is encountered 
on the diskette. 


INDEX PULSE 


36 






This input is sampled whenever a Write Command is received. 
A logic low terminates the command and sets the Write Protect 
Status bit. 


WRITE PROTECT 


WPRT 


37 






This pin selects either sinqle or double density operation. When 


DOUBLE DENSITY 


DDEN 


DDEN = 0, double density is selected. When DDEN = 1, single 
density is selected. This line must be left open on the 1792/4. 
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FUNCTIONAL DESCRIPTION 



The FDC 179X-02 major functional blocks are as follows: 

Data Shift Register— This 8-bit reg ister assemb les serial 
data from the Read Data input (RAW READ) during 
Read operations and transfers serial data to the Write 
Data output during Write operations. 
Data Register— This 8-bit register is used as a holding 
register during Disk Read and Write operations. In Disk 
Read operations the assembled data byte is transferred 
in parallel to the Data Register from the Data Shift 
Register. In Disk Write operations information is trans- 
ferred in parallel from the Data Register to the Data 
Shift Register. 

When executing the Seek command the Data Register 
holds the address of the desired Track position. This 
register is loaded from the DAL and gated onto the DAL 
under processor control. 

Sector Register (SR) — This 8-bit register holds the 
address of the desired sector position. The contents 
of the register are compared with the recorded sector 
number in the ID field during disk Read or Write opera- 
tions. The Sector Register contents can be loaded from 
or transferred to the DAL. This register should not be 
loaded when the device is busy. 

Command Register (CR)— This 8-bit register holds the 
command presently being executed. This register should 
not be loaded when the device is busy unless the new 
command is a Force Interrupt. The command register 
can be loaded from the DAL, but not read onto the DAL. 
Status Register (STR)— This 8-bit register holds device 
Status information. The meaning of the Status bits is a 
function of the type of command previously executed. 



This register can be read onto the DAL, but not loaded 
from the DAL. 

CRC Logic— This logic is used to check or to generate 
the 16-bit Cyclic Redundancy Check (CRC). The poly- 
nomial is: G(x)=x 16 +x 12 +x 5 + 1. 

Track Register— This 8-bit register holds the track 
number of the current Read/Write head position. It is 
incremented by one every time the head stepped in 
(towards track 76) and decremented by one when the 
head is stepped out (towards track 00). The contents 
of the register are compared with the recorded track 
number in the ID field during disk Read, Write, and 
Verify operations. The Track Register can be loaded 
from or transferred to the DAL. This Register should not 
be loaded when the device is busy. 

The CRC includes all information starting with the 
address mark and up to the CRC characters. The CRC 
register is preset to ones prior to data being shifted 
through the circuit. 

Arithmetic/Logic Unit (ALU) — The ALU is a serial 
comparator, incrementer, and decrementer and is used 
for register modification and comparisons with the disk 
recorded ID field. 

Timing and Control — All computer and Floppy Disk 
Interface controls are generated through this logic. The 
internal device timing is generated from an external 
crystal clock. 

AM Detector— The address mark detector detects ID, 
data and index address marks during ready and 
write operations. 



OPERATION 



FDC 1791, FDC 1793, FDC 1795 and FDC 1797 ha ve two 
modes of oper ation a ccording to the state of DDEN 
(Pin 37). When DDEN = 1, single density is selected. In 
either case, the CLK input (Pin 24) is at 2 MHz. However, 
when interfacing with the mini-floppy, the CLK input is 
set at 1 MHz for both single density and double density. 
When the clock is at 2 MHz, the stepping rates of 3, 6, 10, 
and 15 ms are obtainable. When CLK equals 1 MHz these 
times are doubled. 

DDEN must be left open forthe FDC 1792 and FDC 1794. 

Disk Read Operation 

Sector lengths of 128, 256, 512 or 10 24 are obtainable 
in either FM or MFM formats. For FM, D DEN sh ould be 
placed to logical "1." For MFM formats, DDEN should 
be placed to a logical "0." Sector lengths are determined 
at format time by a special byte in the "ID" field. If this 
Sector length byte in the ID field is zero, then the sector 
length is 128 bytes. If 01 then 256 bytes. If 02, then 
512 bytes. If 03, then the sector length is 1024 bytes. 
The number of sectors per track can be from 1 to 255 
sectors. The number of tracks is from to 255 tracks. 



For read operations, the FDC 179X requires RAW READ 
Data (Pin 27) signal which is a 250 ns pulse per flux 
transition and a Read clock (RCLK) signal to indicate 
flux transition spacings. The RCLK (Pin 26) signal is 
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provided by some drives but if not.it may be derived 
externally by Phase lock loops, one shots, or counter 
techniques. In addition, a Read Gate Signal is provided 
as an output (Pin 25) which can be used to inform phase 
lock loops when to acquire synchronization. When 
reading from the media in FM, RG is made true when 
2 bytes of zeroes are detected. The FDC179X must find 
an address mark within the next 10 bytes; otherwise RG 
is reset and the search for 2 bytes of zeroes begins all 
over again. If an address mark is found within 10 bytes, 
RG remains true as long as the FDC179X is deriving any 
useful information from the data stream. Similarly for 
MFM, RG is made active when 4 bytes of "00" or "FF" are 
detected. The FDC179X must find an address mark 
within the next 16 bytes, otherwise RG is reset and 
search resumes. 

During read operations (WG=0), the VFOE (Pin 33) is 
provided for phase lock loop synchronization. VFOE 
will go active when: 

a) Both HLT and HLD are True 

b) Settling Time, if programmed, has expired 

c) The 179 X is inspecting data off the disk 

If WF/VFOE is not used, leave open or tie to a 10K 
resistor to +5. 

On Disk Read operations the Data Request is activated 
(set high) when an assembled serial input byte is 



transferred in parallel to the Data Register. This bit 
is cleared when the Data Register is read by the pro- 
cessor. If the Data Register is read after one or more 
characters are lost by having new data transferred into 
the register prior to processor readout, the Lost Data bit 
is set in the Status Register. The Read operation con- 
tinues until the end of sector is reached. 

Disk Write Operation 

When writing is to take place on the diskette the Write 
Gate (WG) output is activated, allowing current to flow 
into the Read/Write head. As a precaution against 
erroneous writing the first data byte must be loaded into 
the Data Register in response to a Data Request from the 
FDC179X before the Write Gate signal can be activated. 
Writing is inhibited when the Write Protect input is a 
logic low, in which case any Write command is immedi- 
ately terminated, an interrupt i s generated and the Write 
Protect status bit is set. The Write Fault input, when 
activated, signifies a writing fault condition detected 
in disk drive electronics such as failure to detect write 
current flow when the Write Gate is activated. On detec- 
tion of this fault the FDC179X terminates the current 
command, and sets the Write Fault bit (bit 5) in the Status 
Word. The Write Fault input should be made inactive 
when the Write Gate output becomes inactive. 

For write operations, the FDC179X provides Write Gate 
(Pin 30) and Write Data (Pin 31) outputs. Write d ata 
consists of a series of 500 ns pulses in FM (DDEN = 1) 



and 250 ns pulses in MFM (DDEN=0). Write Data pro- 
vides the unique address marks in both formats. 
Also during write, two additional signals are provided 
for write precompensation. These are EARLY (Pin 17) 
and LATE (Pin 18). EARLY is active true when the WD 
pulse appearing on (Pin 30) is to be written early. LATE 
is active true when the WD pulse is to be written LATE. 
If both EARLY and LATE are low when the WD pulse is 
present, the WD pulse is to be written at nominal. Since 
write precompensation values vary from disk manu- 
facturer to disk manufacturer, the actual value is 
determined by several one shots or delay lines which are 
located external to the FDC179X. The write precompen- 
sation signals EARLY and LATE are valid for the duration 
of WD in both FM and MFM formats. 

On Disk Write operations the Data Request is activated 
when the Data Register transfers its contents to the 
Data Shift Register, and requires a new data byte. It is 
reset when the Data Register is loaded with new data by 
the processor. If new data is not loaded at the time the 
next serial byte is required by the Floppy Disk, a byte 
of zeroes is written on the diskette and the Lost Data 
bit is set in the Status Register. 

At the completion of every command an INTRQ is 
generated. INTRQ is reset by either reading the status 
register or by loading the command register with a new 
command. In addition, INTRQ is generated if a Force 
Interrupt command condition is met. 



COMMAND WORDS 



The FDC179X will accept eleven commands. Command 
words should only be loaded in the Command Register 
when the Busy status bit is off (Status bit 0). The one 
exception is the Force Interrupt command. Whenever 
a command is being executed, the Busy status bit is set. 
When a command is completed, an interrupt is gener- 
ated and the Busy status bit is reset. The Status Register 
indicates whether the completed command encountered 
an error or was fault free. For ease of discussion, 
commands are divided into four types. Commands and 
types are summarized in Table 1. 



Table 1. Command Summary 










BITS 


COMMAND 


TYPE 


7 


6 


5 


4 3 
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Restore 













h 


V 


u r 


Seek 













1 h 


V 


n r 


Step 










1 


u h 


V 


ri r 


Step In 







1 





u h 


V 


u r 


Step Out 







1 


1 


u h 


V 


n r 


Read Sector 


II 


1 








m F 2 


E 


F1 


Write Sector 


II 


1 





1 


m F 2 


E 


F1 a 


Read Address 


III 


1 


1 








E 





Read Track 


III 


1 


1 


1 





E 





Write Track 


III 


1 


1 


1 


1 


E 





Force Interrupt 


IV 


1 


1 





1 l 3 


l 2 


I1 lo 



Type I Commands 

The Type I Commands are Restore, Seek, Step, Step-in, 
and Step-Out. Each of the Type I Commands contains a 
rate field (r ri), which determines the stepping motor 
rate as defined in Table 2. 

The Type I Commands contain a head load flag (h) which 
determines if the head is to be loaded at the beginning 
of the command. If h = 1, the head is loaded at the 
beginning of the command (HLD output is made active). 
If h=0, HLD is deactivated. Once the head is loaded, 
the head will remain engaged until the FDC179X receives 
a command that specifically disengages the head. If 
the FDC179X is idle (busy=0) for 15 revolutions of the 
disk, the head will be automatically disengaged (HLD 
made inactive). 

The Type I Commands also contain a verification (V) 
flag which determines if a verification operation is to 
take place on the destination track. If V=1, a verification 
is performed, if V=0, no verification is performed. 

During verification, the head is loaded and after an 
internal 15 ms delay, the HLT input is sampled. When 
HLT is active (logic true), the first encountered ID field 
if read off the disk. The track address of the ID field is 
then compared to the Track Register; if there is a match 
and a valid ID CRC, the verification is complete, an 
interrupt is generated and the Busy status bit is reset. If 
there is not a match but there is valid ID CRC, an interrupt 
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is generated, and Seek Error Status bit (Status bit 4) is 
set and the Busy status bit is reset. If there is a match but 
not a valid CRC, the CRC error status bit is set (Status 
bit 3), and the next encountered ID field is read from the 
disk for the verification operation. If an ID field with a 
valid CRC cannot be found after four revolutions of the 
disk, the FDC179X terminates the operation and sends 
an interrupt (INTRQ). 

The Step, Step-in, and Step-Out commands contain an 
Update flag (u). When u = 1, the track register is updated 
by one for each step. When u=0, the track register is 
not updated. 

On the FDC 1795/7 devices, the SSO output is not 
affected during Type 1 commands, and an internal side 
compare does not take place when the (V) Verify Flag 
is on. . 

Restore (Seek Track 0) 



Upon receipt of thi s com mand the Track 00 (TR00) 
input is sampled, if TR00 is active low indicating the 
Read-Write head is positioned over track 0, the Track 
Registe r is lo aded with zeroes and an interrupt is gener- 
ated. If TR00 is not active low, stepping pulses (pins 15 
to 1 6) at a rate specified by the r n r field are issued until 
the TROO input is activated. At this time the Track 
Register is l oaded with zeroes and an interrupt is gener- 
ated. If the TROO input does not go active low after 255 
stepping pulses, the FDC179X terminates operation, 
interrupts, and sets the Seek error status bit. A verification 
operation takes place if the V flag is set. The h bit allows 
the head to be loaded at the start of command. Note that 
the Restore command is executed when MR goes from 
an active to an inactive state. 

Seek 

This command assumes that the Track Register contains 
the track number of the current position of the Read- 
Write head and the Data Register contains the desired 
track number. The FDC179X will update the Track 
register and issue stepping pulses in the appropriate 
direction until the contents of the Track register are 
equal to the contents of the Data Register (the desired 
track location). A verification operation takes place if the 
V flag is on. The h bit allows the head to be loaded at the 
start of the command. An interrupt is generated at the 
completion of the command. 

Step 

Upon receipt of this command, the FDC179X issues one 
stepping pulse to the disk drive. The stepping motor 
direction is the same as in the previous step command. 
After a delay determined by the nr field, a verification 
takes place if the V flag is on. If the u flag is on, the Track 
Register is updated. The h bit allows the head to be 
loaded at the start of the command. An interrupt is 
generated at the completion of the command. 

Step-in 

Upon receipt of this command, the FDC179X issues one 
stepping pulse in the direction towards track 76. If the 
u flag is on, the Track Register is incremented by one. 
After a delay determined by the rir field, a verification 
takes place if the V flag is on. The h bit allows the head to 
be loaded at the start of the command. An interrupt is 
generated at the completion of the command. 



Step-Out 

Upon receipt of this command, the FDC179X issues one 
stepping pulse in the direction towards track 0. If the 
u flag is on, the Track Register is decremented by one. 
After a delay determined by the nro field, a verification 
takes place if the V flag is on. The h bit allows the head to 
be loaded at the start of command. An interrupt is 
generated at the completion of the command. 

Head Positioning 

The period of each positioning step is specified by the 
r field in bits 1 and of the command word. After the 
last directional step an additional 15 milliseconds of 
head settling time takes place if the Verify flag is set in 
Type I commands. Note th at this time doubles to 30 ms 
for a 1 MHz clock. If TEST=0, there is zero settling time. 
There is also a 15 ms head settling time if the E flag is set 
in any Type II or III command. 

The rates (shown in Table 2) can be applied to a Step- 
Direction Motor through the device interface. 
Step— A2yus(MFM) or4/ys (FM) pulse is provided as an 
output to the drive. For every step pulse issued, the 
drive moves one track location in a direction determined 
by the direction output. 

Direction (DIRC)— The Direction signal is active high 
when stepping in and low when stepping out. The Direc- 
tion signal is valid 12 fjs before the first stepping pulse 
is generated. 

When a Seek, Step or Restore command is executed an 
optional verification of Read-Write head position can be 
performed by setting bit 2 (V=1) in the command word 
to a logic 1. The verification operation begins at the end 
of the 15 millisecond settling time after the head is 
loaded against the media. The track number from the 
first encountered ID Field is compared against the 
contents of the Track Register. If the track numbers 
compare and the ID Field Cyclic Redundancy Check 
(CRC) is correct, the verify operation is complete and an 
INTRQ is generated with no errors. The FDC179X must 
find an ID field with correct track number and correct 
CRC within 5 revolutions of the media; otherwise the 
seek error is set and an INTRQ is generated. 







Table 2. 


Stepping Rates 






clk: 
dden: 
n r 


2 MHz 


TEST=1 


2 MHz 

1 
TEST=1 


1 MHz 1 MHz 

1 

TEST=1 TEST=1 


2 MHz 

X 
TEST=0 


1 MHz 

X 

TEST=0 




1 

1 

1 1 


3 ms 

6 ms 

10 ms 

15 ms 


3 ms 

6 ms 

10 ms 

15 ms 


6 ms 6 ms 
12 ms 12 ms 
20 ms 20 ms 
30 ms 30 ms 


184/^s 
190/us 
19fy/s 
208/js 


368/US 
380/yS 
396fjS 
416/vs 



The Head Load (HLD) output controls the movement of 
the read/write head against the media. HLD is activated 
at the beginning of a Type I command if the h flag is 
set (h = 1), at the end of the Type I command if the verify 
flag (V=1), or upon receipt of any Type II or III command. 
Once HLD is active it remains active until either a Type I 
command is received with (h = and V=0); or if the 
FDC179X is in an idle state (non-busy) and 15 index 
pulses have occurred. 

Head Load Timing (HLT) is an input to the FDC179X 
which is used for the head engage time. When HLT=1, 
the FDC179X assumes the head is completely engaged. 
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The head engage time is typically 30 to 100 ms depend- 
ing on drive. The low to high transition on HLD is 
typically used to fire a one shot. The output of the one 
shot is then used for HLT and supplied as an input to 
the FDC179X. 



HLD/- 



f. 



50 TO 100mS ■ 



HLT (FROM ONE SHOT) 



Head Load Timing 



When both HLD and HLT are true, the FDC179X will then 
read from or write to the media. The "and" of HLD and 
HLT appears as a status bit in Type I status. 



TYPE I COMMANDS FLAG SUMMARY 



h = HeadLoadFlag(Bit3) 
h = 1, Load head at beginning 
h=0, Unload head at beginning 

V= Verify flag (Bit 2) 

V=1, Verify on destination track 

V=0, No verify 
nr = Stepping motor rate (Bits 1-0) 

Refer to Table 2 for rate summary 
u = Update flag (Bit 4) 

u=1, Update Track register 

u=0, No update 



Type II Commands 

The Type II Commands are the Read Sector and Write 
Sector commands. Prior to loading the Type II Command 
into the Command Register, the system must load the 
Sector Register with the desired sector number. Upon 
receipt of the Type II command, the busy status Bit is 
set. If the E flag =1 (this is the normal case) HLD is made 
active and HLT is sampled until true after a 15 msec delay. 
If the E flag is 0, HLD is made active and HLT is sampled 
with no delay until true. The ID field and Data Field 
format are shown below. 

When an ID field is located on the disk, the FDC179X 
compares the Track Number on the ID field with the 
Track Register. If there is not a match, the next encountered 
ID field is read and a comparison is again made. If there 



is a match, the Sector Number of the ID field is compared 
with the Sector Register. If there is not a Sector match, 
the next encountered ID field is read off the disk and 
comparisons again made. If the ID field CRC is correct, 
the data field is then located and will be either written 
into, or read from depending upon the command. The 
FDC179X must find an ID field with a Track number, 
Sector number, side number, and CRC within four 
revolutions of the disk; otherwise, the Record not found 
status bit is set (Status bit 3) and the command is ter- 
minated with an interrupt. 

Each of the Type II Commands contains an (m) flag 
which determines if multiple records (sectors) are to be 
read or written, depending upon the command. If m=0, 
a single sector is read or written and an interrupt is 
generated at the completion of the command. If m = 1, 
multiple records are read or written with the sector 
register internally updated so that an address verification 
can occur on the next record. The FDC179X will read 
or write multiple records starting with the sector presently 
in the sector register. The FDC179X will continue to read 
or write multiple records and update the sector register 
until the sector register exceeds the number of sectors 
on the track or until the Force Interrupt command is 
loaded into the Command Register, which terminates 
the command and generates an interrupt. 
If the Sector Register exceeds the number of sectors on 
the track, the Record-Not-Found status bit will be set. 

The Type 1 1 commands also contain side select compare 
flags. When C=0, no side comparison is made. When 
C=1, the LSB of the side number is read off the ID 
Field of the disk and compared with the contents of 
the (S) flag. If the S flag compares with the side number 
recorded in the ID field, the 179X continues with the ID 
search. If a comparison is not made within 5 index 
pulses, the interrupt line is made active and the Record- 
Not-Found status bit is set. 

The FDC1795/7 READ SECTOR and WRITE SECTOR 
commands include a 'b' flag. The 'b' flag, in conjunction 
with the sector length byte of the ID Field, allows different 
byte lengths to be implemented in each sector. For IBM 
compatability, the 'b' flag should be set to a one. The 
's' flag allows direct control over the SSO Line (Pin 25) 
and is set or reset at the beginning of the command, 
dependent upon the value of this flag. 



Sector Length Table (1791/2/3/4 only) 



Sector Length 
Field (hex) 



Number of Bytes 
in Sector (decimal) 



00 
01 
02 
03 



128 

256 

512 

1024 



Field Format 



GAP 
III 


ID 
AM 


TRACK 
NUMBER 


SIDE 
NUMBER 


SECTOR 
NUMBER 


SECTOR 
LENGTH 


CRC 

1 


CRC 
2 


GAP 
II 


DATA 
AM 


DATA FIELD 


CRC 

1 


CRC 
2 


ID FIELD 


DATA FIELD 



In MFM only, IDAM and DATA AM are preceded by three bytes of A1 with clock transition between bits 4 and 5 missing. 
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Read Sector 

Upon receipt of the Read Sector command, the head is 
loaded, the Busy status bit set, and when an ID field 
is encountered that has the correct track number, 
correct sector number, correct side number, and correct 
CRC, the data field is presented to the computer. The 
Data Address Mark of the data field must be found within 
30 bytes in single density and 43 bytes in double density 
of the last ID field CRC byte; if not, the Record-Not- 
Found status bit is set and the operation is terminated. 

When the first character or byte of the data field has 
been shifted through the DSR, it is transferred to the DR, 
and DRQ is generated. When the next byte is accumu- 
lated in the DSR, it is transferred to the DR and another 
DRQ is generated. If the Computer has not read the 
previous contents of the DR before a new character is 
transferred that character is lost and the Lost Data 
Status bit is set. This sequence continues until the com- 
plete data field has been inputted to the computer. If 
there is a CRC error at the end of the data field, the 
CRC error status bit is set, and the command is termi- 
nated (even if it is a multiple record command). 

At the end of the Read operation, the type of Data 
Address Mark encountered in the data field is recorded 
in the Status Register (Bit 5) as shown below: 

STATUS 
BIT 5 



Write Sector 

Upon receipt of the Write Sector command, the head 
is loaded (HLD active) and the Busy status bit is set. 
When an ID field is encountered that has the correct 
track number, correct sector number, correct side 
number, and correct CRC, a DRQ is generated. The 
FDC179X counts off 11 bytes in single density and 22 
bytes in double density from the CRC field and the Write 
Gate (WG) output is made active if the DRQ is serviced 
(i.e., the DR has been loaded by the computer). If DRQ 
has not been serviced, the command is terminated and 
the Lost Data status bit is set. If the DRQ has been ser- 
viced, the WG is made active and six bytes of zeros in 
single density and 12 bytes in double density are then 
written on the disk. At this time the Data Address Mark 
is then written on the disk as determined by the a field 
of the command as shown below: 



a 



Data Address Mark (Bit 0) 



Deleted Data Mark 
Data Mark 



Deleted Data Mark 
Data Mark 



The FDC179X then writes the data field and generates 
DRQ's to the computer. If the DRQ is not serviced in 
time for continuous writing the Lost Data Status Bit is 
set and a byte of zeros is written on the disk. The com- 
mand is not terminated. After the last data byte has been 
written on the disk, the two-byte CRC is computed 
internally and written on the disk followed by one byte 
of logic ones in FM or in MFM. The WG output is 
then deactivated. 



BIT 


COMMAND 
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2 


1 





1 
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F 2 
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F, 





READ SECTOR 


1 





1 
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F 2 
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F, 


a 


WRITE SECTOR 



n . T , , nnncoc ,.. DU , . . [~0=Write hex FB (data) into Data Address Mark field 
DATA ADDRESS MARK (ao)-^ =Wrjte hex F8 (de|et ' ed da , a) jn , Data AM fje|d 

F, (1781/3) SIDE COMPARE FLAG (C)-^* J^ %™« 

F, (1795/7) SIDE SELECT FLAG (8) -[£[$2 gg £ ? 

nn ay if\ TO^No delav between HLD activation and HLT Sampling 

utLAY (tj — 1_ 1 =15 ms de | ay between HLD activating and HLT Sampling 

F 2 (1791/3) S.DE SELECT FLAG (3) -[^SS for '.!£ ? 



_ F 2 (1795/7) SECTOR LENGTH FLAG (b)[° = 



Sector Length Field 
00 01 10 11 



256 512 1024 128 
128 256 512 1024 



MULTIPLE SECTORS 



. _f"0=Read (or Write) Single Sectors 
(m 'L1=Read (or Write) Multiple Sectors 



Figure 1. Type II and III Flag Summary 
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Type III Commands 

There are three Type III Commands: 

• READ ADDRESS— Read the next ID field (6 bytes) 
into the FDC. 

• READ TRACK— Read all bytes of the entire track, 
including gaps. 

• WRITE TRACK— Write all bytes to the entire track, 
including gaps. 

Read Address 

Upon receipt of the Read Address command, the head is 
loaded and the Busy Status Bit is set. The next en- 
countered ID field is then read in from the disk, and the 
six data bytes of the ID field are assembled and trans- 
ferred to the DR, and a DRQ is generated for each byte. 
The six bytes of the ID field are shown below: 



TRACK 
ADDR 


SIDE 
NUMBER 


SECTOR 
ADDRESS 


SECTOR 
LENGTH 


CRC 
1 


CRC 
2 


1 


2 


3 


4 


5 


6 



Although the CRC characters are transferred to the 
computer, the FDC179X checks for validity and the CRC 



error status bit is set if there is a CRC error. The Track 
Address of the ID field is written into the sector register. 
At the end of the operation an interrupt is generated and 
the Busy Status is reset. 

Read Track 

Upon receipt of the Read Track command, the head is 
loaded and the Busy Status bit is set. Reading starts 
with the leading edge of the first encountered index 
pulse and continues until the next index pulse. As each 
byte is assembled it is transferred to the Data Register 
and the Data Request is generated for each byte. No 
CRC checking is performed. Gaps are included in the 
input data stream. The accumulation of bytes is synchro- 
nized to each Address Mark encountered. Upon com- 
pletion of the command, the interrupt is activated. RG 
is not activated during the Read Track Command. An 
internal side compare is not performed during a 
Read Track. 

Write Track 

Upon receipt of the Write Track command, the head is 
loaded and the Busy Status bit is set. Writing starts 
with the leading edge of the first encountered index 
pulse and continues until the next index pulse, at which 




SINGLE SIDED: NUMBER 
DOUBLE SIDED. SIDE 

DOUBLE SIDED, SIDE 



2 BYTE CRC 
WRITTEN 
DR = F7 



01-1A 
01-OF 
01-08 



BYTES/SECTOR 
MFM 



128 
256 
512 



256 
512 
1024 



00= 128 
01= 256 
02= 512 
03=1024 



•DR=F5 WRITE 3 TIMES MFM ONLY 



Figure 2. IBM Compatible Sector/Track Format 
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time the interrupt is activated. The Data Request is 
activated immediately upon receiving the command, 
but writing will not start until after the first byte has been 
loaded into the Data Register. If the DR has not been 
loaded by the time the index pulse is encountered the 
operation is terminated making the device Not Busy, the 
Lost Data Status Bit is set, and the Interrupt is activated. 
If a byte is not present in the DR when needed, a byte of 
zeros is substituted. Address Marks and CRC characters 
are written on the disk by detecting certain data byte 
patterns in the outgoing data stream as shown in the 
table below. The CRC generator is initialized when any 
data byte from F8 to FE is about to be transferred from 
the DR to the DSR in FM or by receipt of F5 in MFM. 
Disk formatting (initialization) is accomplished by the 
Write Track command. Each byte for the entire track 
must be provided for proper formatting. This includes 
gap as well as data bytes. 

The sequence required to format a diskette begins with 
positioning the Read/Write head at the desired track. 
Once this has been done, it is necessary to perform a 
Write Track command to store all the information on a 
track. The Write Track command uses DRQ to request 
each byte from the system MPU, starting with the byte at 
the beginning of the physical Index Pulse and ending 
with the last gap bytes at the end of the track. Figure 2 
illustrates the IBM standard for track formatting. 

Normally, each data byte stored on the diskette must 
be generated by the system MPU and passed into the 
FDC Data Register. However, there are exceptions to 
this rule. If a data byte of hex F5 through FE is entered 
into the Data Register, then the FDC recognizes this as 
an AM with missing clocks or CRC generation code. 
Consequently, F5 through FE must not be used in gaps, 
data fields, or ID fields, as this will disrupt normal opera- 
tion of the FDC during formatting. 



Type IV Commands 

Force Interrupt is the only Type IV command. This 
command permits the MPU to terminate (abort) any 
command in progress. Figure 3 tabulates the Type IV 
command option bits. 

The four bits, I0-I3, are used to select the condition of the 
interrupt occurrence. Regardless of which bit is set, any 
command currently being executed is immediately 
terminated and the Busy status bit is cleared, indicating 
"Not Busy". Then, when the condition is met, INTRQ 
goes high, causing the required interrupt. 

If I0-I3 are all "0", no interrupt occurs, but any currently 
executing command is immediately terminated. If more 
than one condition is selected, then the interrupt occurs 
when any of the conditions is met. 
To clear the interrupt, it is necessary to read the Status 
Register or to write the Command Register. An exception, 
however, is for 13= 1 (Immediate Interrupt). For this case, 
the interrupt is cleared with another Force Interrupt 
command with I0-I3 all low. 

Status Register 

The Status Register permits the MPU to monitora variety 
of conditions in the FDC. For each command, the 
individual status bits have their own meaning. When a 
command is initiated (except for the Force Interrupt 
command), the Busy status bit is set and the others are 
cleared or updated. If the Force Interrupt command is 
entered when another command is in progress, the 
Busy status bit is cleared, but the others remain 
unaffected. However, if the Force Interrupt command 
is initiated when there is not another command in pro- 
gress, the other status bits are cleared or updated and 
represent the Type I Command status. Figure 4 illustrates 
the meaning of the status bits for each command. 











BIT 






7 


6 


5 


4 


3 


2 


1 





COMMAND 


1 


1 





1 


I3 


Is 


ll 


lo 


FORCE INTERRUPT 












1 o=No effect 
READY TRANSITION-|^ 1:=:Forces | NTRQ when READY input goes low-to-high 






iMncv ni ncc 1 


I 1 = Forces INTRQ when READY input goes high-to-low 
No Effect 


I i = p orces iNTRQ on next INDEX pulse input 

IMMEDIATE \~ 0=:No effect 














iMMtuiAit [_i = Forces | NTRQ immediately 

Figure 3. Force Interrupt Command Flags 
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Figure 4A. Status Register Summary 



COMMAND 


STATUS BIT 


7 


6 


5 


4 


3 


2 


1 





ALL TYPE 1 


Not Ready 


Write Protect 


Head Loaded 


Seek Error 


CRC Error 


Track 


Index 


Busy 


READ SECTOR 


Not Ready 





Record Type 


Rec not Found 


CRC Error 


Lost Data 


DRQ 


Busy 


WRITE SECTOR 


Not Ready 


Write Protect 


Write Fault 


Rec not Found 


CRC Error 


Lost Data 


DRQ 


Busy 


READ ADDRESS 


Not Ready 








Rec not Found 


CRC Error 


Lost Data 


DRQ 


Busy 


READ TRACK 


Not Ready 














Lost Data 


DRQ 


Busy 


WRITE TRACK 


Not Ready 


Write Protect 


Write Fault 








Lost Data 


DRQ 


Busy 



Figure 4B. Status Description for Type I Commands 



BIT 


NAME 


MEANING 


S7 


NOT READY 


This bit when set indicates the drive is not ready. When reset it indicates that the drive is 
ready. This bit is an inverted copy of the Ready input and logically 'ored' with MR. 


S6 


PROTECTED 


When set, indicates Write Protect is activated. This bit is an inverted copy of WRPT input. 


S5 


HEAD LOADED 


When set, it indicates the head is loaded and engaged. This bit is a logical "and" of HLD 
and HLT signals. 


S4 


SEEK ERROR 


When set, the desired track was not verified. This bit is reset to when updated. 


S3 


CRC ERROR 


CRC encountered in ID field. 


S2 


TRACK 00 


When set, indicates Read/Write head is positioned to Track 0. This bit is an inverted copy 
of the TR00 input. 


S1 


INDEX 


When set, indicates index mark detected from drive. This bit is an inverted copy of the 
IP input. 


SO 


BUSY 


When set command is in progress. When reset no command is in progress. 



Figure 4C. Status Description for Type II and III Commands 



BIT 


NAME 


MEANING 


S7 


NOT READY 


This bit when set indicates the drive is not ready. When reset, it indicates that the drive 
is ready. This bit is an inverted copy of the Ready input and 'ored' with MR. The Type II 
and III Commands will not execute unless the drive is ready. 


S6 


WRITE PROTECT 


On Read Record: Not Used. On Read Track: Not Used. On any Write: It indicates a Write 
Protect. This bit is reset when updated. 


S5 


RECORD TYPE/ 
WRITE FAULT 


On Read Record: It indicates the record-type code from data field address mark. 
1 = Deleted Data Mark. 0=Data Mark. On any Write: It indicates a Write Fault. This bit is 
reset when updated. 


S4 


RECORD NOT 
FOUND (RNF) 


When set, it indicates that the desired track, sector, or side were not found. This bit is reset 
when updated. 


S3 


CRC ERROR 


If S4 is set, an error is found in one or more ID fields; otherwise it indicates error in data 
field. This bit is reset when updated. 


S2 


LOST DATA 


When set, it indicates the computer did not respond to DRQ in one byte time. This bit is 
reset to zero when updated. 


S1 


DATA REQUEST 


This bit is a copy of the DRQ output. When set, it indicates the DR is full on a Read Operation 
or the DR is empty on a Write operation. This bit is reset to zero when updated. 


SO 


BUSY 


When set, command is under execution. When reset, no command is under execution. 
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Write Data Timing: 



PARAMETER 


SYMBOL 


MIN. 


TYR 


MAX. 


UNITS 


CONDITIONS 


Write Data Pulse Width 


T W p 


450 


500 


550 


nsec 


FM 






150 


200 


250 


nsec 


MFM 


Write Gate to Write Data 


T wg 




2 
1 




fisec 
/usee 


FM 
MFM 


Write data cyle Time 


Tbc 




2, 3, or 4 




/usee 


±CLK Error 


Early (Late) to Write Data 


Ts 


125 






nsec 


MFM 


Early (Late) From 


T h 


125 






nsec 


MFM 


Write Data 














Write Gate off from WD 


T wf 




2 

1 




/ysec 
/isec 


FM 
MFM 


WD Valid to Clk 


Twdl 


100 
50 






nsec 
nsec 


CLK = 1 MHZ 
CLK=2 MHZ 


WD Valid after Clk 


T WC |2 


100 
30 






nsec 
nsec 


CLK = 1 MHZ 
CLK=2 MHZ 



These values are doubled when CLK = 1 MHz. 



Write Data Timing 



WRITE GATE |" 

-I 

WRITE DATA 



L 



EARLY OR LATE 
(IF ON) 



CLK 

(1MHZ) 



CLK 
(2MHZ) ' 



,-, f^ l~ » 





•4 500 ns »-| 


n 


L 






'///////,. 


V//////, 


Twd1 ^n 


r* T wd2 



I-* 125 ^- 



■H 



mm 



mm 



WRITE DATA/CLOCK RELATIONSHIP 
(DDEN = 0) 
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MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range 0°C to +70°C 

Storage Temperature Range -55°C to +150°C 

Lead Temperature (soldering, 10 sec.) +325°C 

Positive Voltage on any Pin, with respect to ground +15V 

Negative Voltage on any Pin, with respect to ground —0.3V 

'Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute 
Maximum Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes 
or "glitches" on their outputs when the AC power is switched on and off. In addition, voltage transients on the 
AC power line may appear on the DC output. If this possibility exists it is suggested that a clamp circuit be used. 

ELECTRICAL CHARACTERISTICS (T A =0°C to 70°C, V C c=+5V±5%, V DD =+12V±5% unless otherwise noted) 
PARAMETER SYMBOL MIN TYP MAX UNIT COMMENTS 

DC CHARACTERISTICS 

Input Voltage Levels 

Low Level, V, L 0.8 V 

High Level, V IH 2.6 V 

Output Voltage Levels 

Low Level Vol 0.45 V l OL = 1.6 mA 

High Level Voh 2.8 V I O h=100,uA 

Output Leakage, ko 10 /uA Vout=Vdd 

Input Leakage, Iil 10 //A Vi N =V D d 

Output Capacitance 5 pf 

Input Capacitance 10 Pf 

Power Dissipation 500 mW 

AC CHARACTERISTICS 

Processor Read Timing 

Address Setup Time t S ETR 50 ns Figure 5 

Address Hold Time Wdr 10 ns Figure 5 

RE Pulse Width (C L =50pF) t RE 400 ns Figure 5 

DRQ Reset Time t D RR 500 ns Figure 5 

INTRO Reset Time ti RR 500* 3000* ns Figure 5 

Data Delay Time (C L =50pF) t DA cc 350 ns Figure 5 

Data Hold Time (C L =50pF) t D oH 50 150 ns Figure 5 

Microprocessor Write Timing 

Address Setup Time tsE-rw 50 ns Figure 6 

Address Hold Time t H LDw 10 ns Figure 6 

WE Pulse Width t WE 350 ns Figure 6 

DRQ Reset Time t D RR 500 ns Figure 6 

INTRO Reset Time ti RR 500* 3000* ns Figure 6 

Data Setup Time t D s 250 ns Figure 6 

Data Hold Time t D H 70 ns Figure 6 

Disk Input Data Timing 

RAWREAD Pulse Width t pw 100* 200 ns Figure 7, See Note 

Clock Setup Time t d 40 ns Figure 7 See Note 

Clock Hold Time for MFM t C( j 40 ns Figure 7 

Clock Hold Time for FM Us 40 ns Figure 7 

RAWREAD Cycle Time t bc 1500 ns 1800 at 70° C, Figure 7 

Dn ix u;„k d,,i„« vA/iHti, MFM + 0.8 1* ijs Figure 7 

RCLK High Pulse Width FM t a 08 T £ s Figure 7 

doi lc i »... d..ic« lAiiH+h MFM t °- 8 1 * £< s Figure 7 

RCLK Low Pulse Width FM t b Q8 2 * £ s R « ure ? 

RCLK Cvcle Time MFM t 2 * ^ s Figure 7 

hulk oycie i ime FM t c 4 * ^ Fjgure 7 

Miscellaneous Timing 

CLK Low Pulse Width t CD i 230 250 20000 ns Figure 8 

CLK High Pulse Width t CD 2 200 250 20000 ns Figure 8 

ctcd d,.io« \a/;h«, MFM t 2* /ys Figure 8 

STEP Pulse Width FM tsip 4 . £ s Figure 8 

DIRC Setup Time t D i R 12 /us Figure 8 

MR Pulse Width t MR 50* A*s Figure 8 

IP Pulse Width ti P 10* /js Figure 8 

WF Pulse Width t WF 10* /is Figure 8 

CLK Cycle Time tcvc 0^ /js Figure 8 

*: These Values are doubled when CLK = 1 MHz. 
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Figure 5. 
Microprocessor 
Read Timing 
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Figure 6. 
Microprocessor 
Write Timing 
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Figure 7. 
Disk Input 
Timing 
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Note: Pulse width on RAW READ (Pin 27) is normally 10-300 ns. However, pulse may be any width if pulse is entirely 
within window. If pulse occurs in both windows, then pulse width must be less than 300 ns for MFM at CLK = 2 MHz and 
600 ns for FM at 2 MHz. Times double for 1 MHz. 
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DISK FORMATS 



Disks may be formatted in IBM 3740 or System 34 
formats with sector lengths of 128, 256, 512, or 
1024 bytes. 
IBM 3740 Format 

This single-density (FM) format utilizes 128 bytes/ 
sector. The bytes to be generated by the system 
MPU for use in the execution of the Write Track 
command are shown in Figure 9. 
IBM System 34 Format 

This double-density (MFM) format utilizes 256 
bytes/sector. The bytes to be generated by the 
system MPU for use in the execution of the Write 
Track command are shown in Figure 10. 
Non-IBM Formats 

Unique (non-IBM) formats are permissible provid- 
ing the following restrictions are understood. 

• Sector length may only be 128, 256, 512, or 
1024 bytes. 

• Gap sizes must conform to Figure 11. 



ONE 
SECTOR — | 

® 



ONE 
SECTOR — 

© 



Figure 9. 
Byte Sequence 
for IBM 3740 
Formatting 





DATA 
BYTE 


NO. OF 
BYTES 


COMMENTS 




(hex) 








FF 


40" 




_Gap 5 
(Post Index) 




00 


6j 








FC 


1 


Index AM 




FF 


26 




-Gap 1 




00 


6 








FE 




ID AM 




XX 




Track Number 
(00-4C) 




OX 




Side Number 
(00 or 01) 




XX 




Sector Number 
(01-1A) 




00 




Sector Length 
(128 bytes) 




F7 




Causes 2-Byte 
CRC to be 
Written 




FF 
00 


"J 


■Gap 2 (ID Gap) 




FB 




Data AM 




E5 


128 


Data Field 




F7 




Causes 2-Byte 
CRC to be 
Written 




FF 


27 


Part of Gap 3 






247 © 


(Data Gap) 




FF 


Gap 4 








(Pre Index) 



1. THIS PATTERN MUST BE 
WRITTEN 26 TIMES PER TRACK. 

2. CONTINUE WRITING HEX FF 
UNTIL FDC COMPLETES 
SEQUENCE AND GENERATES 
INTRQ INTERRUPT 



DATA 
BYTE 
(hex) 


NO. OF 
BYTES 


COMMENTS 


4E 


80 




_Gap5 
(Post Index) 


00 


12 






F6 


3 


Writes C2 


FC 


1 


Index AM 


4E 


50"1 




00 


12J- 


-Gap 1 


F5 


3 


Writes A1 


FE 




ID AM 


XX 




Track Number 
(00-4C) 


OX 




Side Number 
(00 or 01) 


XX 




Sector Number 
(01-1A) 


01 




Sector Length 
(256 Bytes) 


F7 




Causes 2-Byte 
CRC to be 
Written 


4E 
00 


22~f--Gap2 (ID Gap) 
12J 


F5 


3 


Writes A1 


FB 


1 


Data AM 


40 


256 


Data Field 


F7 


1 


Causes 2-Byte 
CRC to be 
Written 


4E 


54 


Part of Gap 3 




598® 


(Data Gap) 


4E 


Gap 4 






(Pre Index) 



Figure 10. 

Byte Sequence notes: 1. this pattern must be 

for IBM System-34 written 26 times per 

Formatting 



TRACK. 
2. CONTINUE WRITING HEX 
4E UNTIL FDC COMPLETES 
SEQUENCE AND GENERATES 
INTRQ INTERRUPT. 



GAP 


SINGLE 

DENSITY 

(FM) 


DOUBLE 

DENSITY 

(MFM) 


NOTE 


Gap 1 


16 bytes FF 


16 bytes 4E 


2 


Gap 2 


11 bytes FF 
6 bytes 00 


22 bytes 4F 
12 bytes 00 
3 bytes A1 


1 


Gap 3 


10 bytes FF 
4 bytes 00 


16 bytes 4E 
8 bytes 00 
3 bytes A1 


2 


Gap 4 


16 bytes FF 


16 bytes 4E 


2 



NOTES: 1. THESE BYTES COUNTS ARE EXACT. 

2. THESE BYTES COUNTS ARE MINIMUM 
EXCEPT FOR 3 BYTES A1, WHICH IS EXACT. 



Figure 11. Gap Size Limitations 



STANDARD MICROSYSTEMS 
CORPORATION^ 



J . Hauppajge } 

' (516)273-3100 TWX-510-227-8898 

We tecp ahead of our competition so >ou cart teep ahead of nous. 



Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATjOPi^^^= 



FDC 9216 
FDC 9216B 

/JPC FAMILY 



Floppy Disk Data Separator 
FDDS 



FEATURES 

□ PERFORMS COMPLETE DATA SEPARATION 
FUNCTION FOR FLOPPY DISK DRIVES 

□ SEPARATES FM OR MFM ENCODED DATA 
FROM ANY MAGNETIC MEDIA 

□ ELIMINATES SEVERAL SSI AND 

MSI DEVICES NORMALLY USED FOR 
DATA SEPARATION 

□ NO CRITICAL ADJUSTMENTS REQUIRED 

□ COMPATIBLE WITH STANDARD 
MICROSYSTEMS' FDC 1791, FDC 1793 AND 
OTHER FLOPPY DISK CONTROLLERS 

□ SMALL 8-PIN DUAL-IN-LINE PACKAGE 

□ +5 VOLT ONLY POWER SUPPLY 

DTTL COMPATIBLE INPUTS AND OUTPUTS 



PIN CONFIGURATION 



DSKD \Z 

SEPCLK C. 

REFCLK \Z 

GND \Z 



— u — 

1 8 

2 7 

3 6 

4 5 



3 v D 



U SEPD 
H CD1 
H CDO 



GENERAL DESCRIPTION 



The Floppy Disk Data Separator provides a low cost 
solution to the problem of converting a single stream of 
pulses from a floppy disk drive into separate Clock and 
Data inputs for a Floppy Disk Controller. 

The FDDS consists primarily of a clock divider, a long- 
term timing corrector, a short-term timing corrector, and 
reclocking circuitry. Supplied in an 8-pin Dual-ln-Line 



package to save board real estate, the FDDS operates 
on +5 volts only and is TTL compatible on all inputs 
and outputs. 

The FDC 9216 is available in two versions; the FDC 9216, 
which is intended for 5 1 A" disks and the FDC 9216B for 
5V»" and 8" disks. 



CDO- 
CD1- 











— +5V 




CLOCK 
DIVIDER 
































' 






DATA/CLOCK 

SEPARATION 

LOGIC 






PULSE 

REGENERATION 

LOGIC 


















' 












EDGE 
DETECTI n M 
























LOGIC 















■SEPCLK 
-SEPD 



FLOPPY DISK DATA SEPARATOR BLOCK DIAGRAM 
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DESCRIPTION OF PIN FUNCTIONS 



PIN NO. 


NAME 


SYMBOL 


FUNCTION 


1 
2 


Disk Data 
Separated Clock 


DSKD 
SEPCLK 


Data input signal direct from disk drive. Contains combined 
clock and data waveform. 

Clock signal output from the FDDS derived from floppy 
disk drive serial bit stream. 


3 


Reference Clock 


REFCLK 


Reference clock input 


4 


Ground 


GND 


Ground 


5,6 


Clock Divisor 


CDO, 
CD1 


CDO and CD1 control the internal clock divider circuit. The 
internal clock is a submultiple of the REFCLK according to 
the following table: 


7 






CD1 CDO Divisor 
1 

1 2 

1 4 
1 1 8 

SEPD is the data output of the FDDS 


Separated Data 


SEPD 


8 


Power Supply 


V DD 


+5 volt power supply 





FIGURE1 




TYPICAL SYSTEM CONFIGURATION 




(5 1 /4" Drive, Double Density) 






4 MHz CRYSTAL 








OSCILLATOR 


















.1MHz 




















' 


' 








1 


f 










REFCLK 


REGENERATED DATA 


C 


LK 




RAW READ 




FLOPPY 














DISK 


DISK DATA 


DSKD FDC 9216 




FDC 1791 or Equiv. 
FLOPPY DISK CONTROLLER 








DRIVE 






DERIVED CLOCK 












CDO CD1 














t t 










GND GND 
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OPERATION 



A reference clock (REFCLK) of between 2 and 8 MHz 
is divided by the FDDS to provide an internal clock. 
The division ratio is selected by inputs CDO and CD1. 
The reference clock and division ratio should be 
chosen per table 1. 

The FDDS detects the leading edges of the disk data 
pulses and adjusts the phase of the internal clock 
to provide the SEPARATED CLOCK output. 



Separate short and long term timing correctors 
assure accurate clock separation. 

The internal clock frequency is nominally 16 times 
the SEPCLK frequency. Depending on the internal 
timing correction, the internal clock may be, a 
minimum of 12 times to a maximum of 22 times the 
SEPCLK frequency. 

The reference clock (REFCLK) is divided to provide 
the internal clock according to pins CDO and CD1. 



TABLE 1: 
CLOCK DIVIDER SELECTION TABLE 



DRIVE 

(8" or 5Vi") 


DENSITY 
(DD or SD) 


REFCLK 
MHz 


CD1 


CDO 


REMARKS 


8 


DD 


8 








| 


8 
8 


SD 
SD 


8 

4 






1 




fSelect either one 


5 1 A 
5Vi 


DD 
DD 


8 

4 






1 




f Select either one 


5Vt 

5 1 /4 


SD 
SD 
SD 


8 
4 
2 


1 







1 




fSelectanyone 



FIGURE 2 



intclk Ji_njiJiJT_rijnjTrLJiJiJiJi^ 

SEPCLK 1 I I 1 



SEPD 



U 

always two internal clock cycles 
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MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range 0°C to +70°C 

Storage Temperature Range — 55°C to +150°C 

Lead Temperature (soldering, 10 sec.) +325°C 

Positive Voltage on any Pin, with respect to ground +8.0V 

Negative Voltage on any Pin, with respect to ground —0.3V 

'Stresses above those listed may cause permanent damage to the device. This is a stress rating only 

and functional operation of the device at these or at any other condition above those indicated in the 

operational sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that 

the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies 

exhibit voltage spikes or "glitches" on their outputs when the AC power is switched on and off. 

In addition, voltage transients on the AC power line may appear on the DC output. If this possibility 

exists it is suggested that a clamp circuit be used. 



ELECTRICAL CHARACTERISTICS (T A = 


0°Cto70 


°C, V DD 


=+5V±5%, unless otherwise noted) 


Parameter 


Mln. 


Typ. 


Max. 


Units 


Comments 


D.C. CHARACTERISTICS 










r^r — — 


INPUT VOLTAGE LEVELS 










PRELlMiAij 


Low Level V )L 






0.8 


V 


! c ""^™ ,N/ 


High Level V H 


2.0 






V i 


^"'•^ic*.^^^ 


OUTPUT VOLTAGE LEVELS 












Low Level Vol 






0.4 


V 


l L=1.6mA 


High Level Voh 


2.4 






V 


Ioh=-100/uA 


INPUT CURRENT 












Leakage Iil 






10 


/"A 


0<V,n<V dd 


INPUT CAPACITANCE 












All Inputs 






10 


pF 




POWER SUPPLY CURRENT 












Idd 






50 


mA 




A.C. CHARACTERISTICS 












Symbol 












f cy REFCLK Frequency 


0.2 




4.3 


MHz 


FDC 9216 


f cy REFCLK Frequency 


0.2 




8.3 


MHz 


FDC 9216B 


tcKH REFCLK High Time 


50 




2500 


ns 




tcKL REFCLK Low Time 


50 




2500 


ns 




tsDON REFCLK to SEPD "ON" Delay 




100 




ns 




tsooFF REFCLK to SEPD "OFF" Delay 




100 




ns 




tspcK REFCLK to SEPCLK Delay 


100 






ns 




t D LL DSKD Active Low Time 


0.1 




100 


fJS 




torn DSKD Active High Time 


0.2 




100 


fJS 





1 Cfiir-jn 



REFCLK 3" 




FIGURE 3- AC CHARACTERISTICS 
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4 tDLL ^ 








DSKD 
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STANDARD MICROSYSTEMS 
CORPQRATKM^^^= 



FDC3400 

/APC FAMILY 



Floppy Disk 

Hard Sector Data Handler 

HSDH 



FEATURES 

□ Hard-Sectored Operation — performs all data 
operations 

□ Single or Double Density Operation- 
recording code independent 

□ Minifloppy or Standard Floppy compatible 

□ Programmable Sync Byte 

□ Internal Sync Byte Detection and Byte Framing 

□ Fully Double Buffered 

□ Data Overrun/Underrun Detection 

□ Dual Disk Operation — Write on one disk drive 
while simultaneously reading from another 

□ Tri-State Output Bus for processor 
compatibility 

□ TTL Compatible Inputs and Outputs 



PIN CONFIGURATION 




PACKAGE: 40-Pin D.I.R 



GENERAL DESCRIPTION 

The FDC3400 is an MOS integrated circuit which 
simplifies the data interface between a processor 
and a floppy disk drive. During a write operation, 
the HSDH receives data from the processor 
and shifts it out bit-serially to the floppy disk data 
encoding logic. Similarly, during a read operation 
the HSDH receives a bit-serial stream of read 
data from the floppy disk data separator, 
establishes byte synchronization by detecting 
the sync byte, and transfers data on a byte by 
byte basis to the processor. 

The HSDH detects data overrun and underrun 
conditions and indicates these conditions on its 
status lines. A data underrun causes write data 
to be written onto the disk from a special 
programmable fill register until new data is 
entered into the write data buffer or until the 
write operation is ended. 

Separate read and write data registers permit 
simultaneous read and write operations on two 
different drives for enhanced system throughput. 
The HSDH is fully double buffered and all inputs 
and outputs are TTL compatible. 



FUNCTIONAL BLOCK DIAGRAM 




.' 






.> 


-' 




f WRI 






«"" .J fL^r 


s^_| ^ 


STER | 


ro_ 




1 


.■ 






\ 


-■ 




r\ ~ 1 


Z~ 


~ 




• 


.' 




I WRiTE OUTPUT 1 


i 


■| RENTER | 






t 1 ?;::=,? '„ 


l 













J " B E E A GISTEB T ] 


_I-«»-jiI 


















<> \ 


| _R | 




rE 


™- 










' 


'' 








1 R R E E A GIS D T A EF. A | 














|„.,,S. RE.OO.T.BU4 


>RO.B07 

















331 



DESCRIPTION OF OPERATION 



Prior to reading or writing on the disk, the read/write 
head must be positioned and loaded onto the desired 
track. 

Write Operation 

The Write Clock is set at the desired bit rate (usually 
125, 250, or 500KHz), and the desired fill byte is written 
into the Write Fill Register. After the external logic 
makes the write enable to the drive active, the first 
byte to be written should be loaded into the Write Data 
Register. This byte is then loaded into the Write Output 
Register and shifted out bit serially to the external write 
encoding logic. The first bit shifted out of each byte 
is the LSB. Whenever a byte is transferred from the 
Write Data Register to the Write Output Register, Write 
Data Request becomes active and requests another 
byte from the processor. If new data is not loaded into 
the Write Data Register before the Write Output Reg- 
ister becomes empty, then the Write Output Register 
is loaded with data from the Write Fill Register and 
the Write Data Underrun status line is set. WDU is reset 
the next time WDS is pulsed. At the end of the write 
operation, the processor should return the external 
write enable line to an inactive state. 

Read Operation 

The Read Clock is set at the desired bit rate (usually 
125, 250, or 500KHz) and the desired sync byte is 
loaded into the Sync Byte Register. When the pro- 
cessor wishes to read a sector of data it causes a 
transition on the Read Gate input to set the read 
logic into a sync byte search mode. In the search 
mode the serial read data bit stream is examined on 
a bit by bit basis until a sync byte is found. A sync 
byte is found, by definition, when the contents of the 
Sync Byte Register and the Read Input Register are 
identical. When this occurs the Sync Byte Detected 
output is set high. This byte is then loaded into the 
Read Data Register and the read logic is set into the 



byte mode. In this mode each byte read is loaded into 
the Read Data Register and Read Data Request is 
made active high for each byte. The processor re- 
sponds to each Read Data Request by enabling the 
output bus with Read Data Enable, reading the data 
byte from the Read Data Register, and resetting Read 
Data Request by pulsing Read Data Request Reset. 
If the processor fails to respond to Read Data Request 
within one byte time, the Read Data Lost status line is 
set. When the processor has read the required amount 
of data it may reset Read Gate to an inactive-high level. 

System Operation — Additional Features 

Automatic Sector Fill 

In some applications, such as the end of a logical file, 
the system buffer may contain less than a full sector 
of data. In this case the processor need supply only 
this data to the FDC3400. The FDC3400 will then under- 
run, setting the Write Data Underrun Status line and 
thereby causing the remainder of the sector to fill with 
bytes taken from the Write Fill Register. This operation 
continues until the processor returns the disk's write 
enable signal to an inactive level. 

Byte Search 

After byte synchronization has been established during 
a read operation, the processor may load a different 
byte into the Sync Byte Register. Whenever that byte 
occurs in the data being read, the Sync Byte Detected 
status line will go high. This feature permits the pro- 
cessor to search for the occurence of a specific byte 
while reading a sector. 

Multiple Byte Synchronization 

Some systems use two or more contiguous sync 
bytes to establish byte synchronization. For these ap- 
plications, the number of Read Data Requests re- 
ceived while Sync Byte Detected remains active-high 
may be counted by the processor to establish valid 
synchronization. 
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FLOW DIAGRAM - READ DATA 
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DESCRIPTION OF PIN FUNCTIONS 



PIN NO. 


SYMBOL 


NAME 


FUNCTION 


1 


RD 


Read Data 


The Read Data input accepts the serial data stream 
from the floppy disk data separator. 


2 


RCK 


Read Clock 


The negative-going edge of the Read Clock input 
shifts Read Data into the Read Input Register. 


3 


RDRR 


Read Data 
Request Reset 


An active-high pulse input on the Read Data Request 
Reset input resets the RDR output to a low level. 


4 


RDE 


Read Data 
Enable 


An active-high level on the Read Data Enable line 
gates the outputs of the Read Data Register onto the 
Read Data Output lines. 


5 


RDR 


Read Data 
Request 


The Read Data Request output is made active-high when 
an assembled byte is transferred from the Read Input 
Register to the Read Data Register. 


6 


RDL 


Read Data Lost 


The Read Data Lost output is made active-high, if the 
byte presently in the Read Data Register is not read 
(RDR not reset) by the processor before the next byte is 
loaded into the Read Data Register. 


7-14 


RD7-RD0 


Read Data 
Output 


When enabled by RDE the tri-state Read Data Output 
lines present the data in the Read Data Register to the 
processor. When RDE is inactive-low the RD7-RD0 lines 
are held at a high-impedance state. 


15-19 


NC 




Not Connected 


20 


Vcc 


Power Supply 


+ 5 volt supply 


21 


NC 




Not Connected 


22 


WDR 


Write Data 
Request 


The Write Data Request output is made active-high 
when the Write Data Register becomes empty and 
requires a data byte. It is reset to a low level when WDS 
occurs to load the Write Data Register. If WDR is not 
serviced by the time the next byte is required by the 
Write Output Register, the byte stored in the Write Fill 
Register is written onto the disk and the WDU line is 
made active high. 


23 


WD 


Write Data 


The Write Data output presents the serial stream of data 
to the external write data encoder. Each byte is normally 
provided from the Write Data Register provided that a 
WDS pulse occurs during the presently written byte. 
If WDS is not pulsed, the next byte to be written will be 
extracted from the Write Fill Register. 


24 


GND 


Ground 


Ground 


25 


WDU 


Write Data 
Underrun 


The Write Data Underrun output is set active-high when 
the processor fails to respond to the WDR signal 
within one byte time. When WDU occurs the data 
written on the disk is extracted from the Write Fill 
Register. This line is reset when WDS is pulsed. 


26 


Vdd 


Power Supply 


—12 volt supply 


27-34 


WD0-WD7 


Write Data 
Input 


The Write Data Input lines present information to the 
Write Data Register, the Write Fill Register, and the 
Sync Byte Register under control of their respective 
strobes. The strobes operate independently of each 
other. The LSB should always be placed on WD0. 


35 


RG 


Read Gate 


This input should be pulsed to a high-level after 
power turn on to reset RDR, SBD, and RDL to an inactive- 
low level. The high-to-low transition of RG sets the read 
logic into the sync byte search mode. In this mode 
the serial Read Data stream is examined on a bit by bit 
basis until a sync byte is found. A sync byte is found by 
definition when the contents of the Sync Byte Register 
and the Read Input Register are identical. When this 
occurs the SBD output is set active-high. The sync byte 
just read is then transferred into the Read Data Register; 
RDR is set high, and the read logic is set into the byte 
mode. In this mode each byte read is transferred into 
the Read Data Register. 


36 


SBD 


Sync Byte 
Detected 


The Sync Byte Detected output is set active-high each 
time the byte loaded into the Read Data Register is 
identical to the byte in the Sync Byte Register. This 
output is reset low the next time the Read Data Register 
is loaded with a byte which is not a sync byte. 
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DESCRIPTION OF PIN FUNCTIONS 



PIN NO. 


SYMBOL 


NAME 


FUNCTION 


37 


FBS 


Fill Byte 
Strobe 


The Fill Byte Strobe is an active-high input strobe which 
loads the byte on the WD0-WD7 lines into the Write 
Fill Register. 


38 


WCK 


Write Clock 


Each positive-going edge of this clock shifts one bit 
out of the Write Output Register onto WD. 


39 


WDS 


Write Data 
Strobe 


The Write Data Strobe is an active-high input strobe 
which loads the byte on the WD0-WD7 lines into the 
Write Data Register. 


40 


SBS 


Sync Byte 
Strobe 


The Sync Byte Strobe is an active-high input strobe 
which loads the byte on the WD0-WD7 lines into the 
Sync Byte Register. 



ADDITIONAL TIMING INFORMATION 
(Typical Propagation Delays) 
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HSDH TIMING DIAGRAM 
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NOTE1 

The Write Output Register is 
loaded with the next byte at the 
positive clock transition cor- 
responding to the leading edge 
of the last bit of the current byte 
on the WD output. WDR is set 
high approximately two micro- 
seconds after this clock tran- 
sition. If it is desired that the 
next byte be extracted from the 
Write Data Register the leading 
edge of the WDS should occur 
at least one microsecond prior 
to this clock transition. 



NOTE 2 

In order to avoid an RDL indi- 
cation the leading edge of the 
RDRR pulse should occur at 
least one microsecond prior to 
the negative clock transition 
corresponding to the center of 
the first bit after the last bit 
of the previous byte on the 
RD input. 



NOTE 3 

The RDL, SBD and RD0-RD7 
output are set to their correct 
levels approximately two micro- 
seconds after the negative 
clock transition corresponding 
to the center of the first bit after 
the last bit of the previous byte 
on the RD input. The RDR 
output is set high at the next 
negative clock transition. 
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MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range 0°C to + 70°C 

Storage Temperature Range — 55°C to +150°C 

Load Temperature (soldering, 10 sec.) +325°C 

Positive Voltage on any Pin, Vcc +0.3V 

Negative Voltage on any Pin, Vcc —25V 

"Stresses above those listed may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or at any other condition above those indicated in the 
operational sections of this specification is not implied. 



ELECTRICAL CHARACTERISTICS (Ta = 0°C to 70°C, Vcc = +5V ±5% Vot>= -12V±5%, unless otherwise noted) 



Parameter 


Min. 


Typ. 


Max. 


Unit 


Conditions 


D.C. CHARACTERISTICS 












INPUT VOLTAGE LEVELS 
Low-level, Vil 
High-level, Vih 


Vdd 

Vcc-1.5 




0.8 

Vcc 


V 
V 




OUTPUT VOLTAGE LEVELS 
Low-level, Vol 
High-level, Voh 


2.4 


0.2 
4.0 


0.4 


V 
V 


loi = 1.6mA 
Ioh= — 100/iA 


INPUT CURRENT 
Low-level, In 






1.6 


mA 


See note 1 


OUTPUT CURRENT 
Leakage, Lo 
Short circuit, los** 






-1 
10 


mA 


RDE = Vl,0^Vout^ +5V 

VOUT = OV 


INPUT CAPACITANCE 
All inputs, On 




5 


10 


PF 


V, N = Vcc,f = 1MHz 


OUTPUT CAPACITANCE 

All OUtpUtS, Cout 




10 


20 


pF 


RDE = V,L,f = 1MHz 


POWER SUPPLY CURRENT 

Ice 

Idd 






28 
28 


mA 
mA 


All OUtputS = Voh 


A.C. CHARACTERISTICS 










Ta= +25°C 


CLOCK FREQUENCY 


DC 
DC 




250 
500 


KHz 
KHz 


RCK, WCK 

RCK, WCK, FDC3400-1 


PULSE WIDTH 
Clock 

Read Gate 

Write Data Strobe 

Fill Byte Strobe 

Sync Byte Strobe 

Read Data Request Reset 


1 
0.5 

1 
200 
200 
200 
200 






/xS 
US 

/*s 
ns 
ns 
ns 
ns 


RCK, WCK 

RCK, WCK, FDC3400-1 

RG 

WDS 

FBS 

SBS 

RDRR 


INPUT SET-UP TIME 
Write Data Inputs 









ns 


WD0-WD7 


INPUT HOLD TIME 
Write Data Inputs 









ns 


WD0-WD7 


STROBE TO OUTPUT DELAY 
Read Data Enable 




180 


250 


ns 


Load = 20pf + 1TTL input 
RDE:Tpd,,Tpm 


OUTPUT DISABLE DELAY 




100 


250 


ns 


RDE 



* *Not more than one output should be shorted at a time. 

NOTES: 

1 . Under steady state condition no current flows for TTL or MOS interfacing. 

A switching current of 1.6mA maximum flows during a high to low transition of the input. 

2. The tri-state output has 3 states: 

1) low-impedance to Vcc 

2) low-impedance to GND 

3) high-impedance OFF = 10M ohms 

The OFF state is controlled by the RDE input. 
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TYPICAL CCC 3500 INTERFACE TO PROCESSOR AND CASSETTE/CARTRIDGE DRIVE 









STANDARD MICROSYSTEMS 
CORPORATION^ 



CCC 3500 

//.PC FAMILY 



Cassette/Cartridge Data Handler 

CCDH 



FEATURES 

□ Facilitates Magnetic Tape Cassette or 
Cartridge to Processor Interfacing 

□ Performs All Data Operations 

□ Up to 250K bps Data Transfer Rate 

□ Recording Code Independent 

□ Compatible with Standard and Mini Cassettes 

□ Compatible with Standard and Mini 3M-type 
Cartridges 

□ Read-While-Write Operation for Write 
Verification In Dual Gap Head Systems 

□ Programmable Sync Byte 

□ Internal Sync Byte Detection and Byte Framing 

□ Fully Double Buffered 

□ Data Overrun/Underrun Detection 

□ Tri-State Output Bus for Processor 
Compatibility 

□ TTL Compatible Inputs and Outputs 



PIN CONFIGURATION 




PACKAGE: 40-Pin D.I.R 



GENERAL DESCRIPTION 

The CCC 3500 is an MOS integrated circuit which 
simplifies the data interface between a 
processor and a magnetic tape cassette or 
cartridge drive. During a write operation the 
CCDH receives data from the processor and 
shifts it out bit serially to the cassette/ cartridge 
data encoding logic. Similarly during a read 
operation the CCDH receives a bit-serial stream 
of read data from the cassette/cartridge data 
recovery circuit, establishes byte synchroniza- 
tion by detecting the sync byte, and transfers 
data on a byte by byte basis to the processor. 

The CCDH detects data overrun and underrun 
conditions and indicates these conditions on its 
status lines. A data underrun causes data from a 
special programmable fill register to be written 
onto the cassette/cartridge until new data is 
entered into the write data buffer or until the 
write operation is ended. 

Separate read and write data registers permit 
simultaneous read and write operations. Drives 
with dual gap heads may utilize this read-while- 
write feature for write data verification thereby 
enhancing system throughput and reliability. 
The CCDH is fully double buffered and all inputs 
and outputs are TTL compatible. 
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DESCRIPTION OF OPERATION 



Write Operation 

After power-on, the Write Clock is set at the desired bit 
rate and the desired fill byte is written into the Write 
Fill Register. After the external control logic has 
caused the tape to come up to operating speed and 
activated the write enable signal, the first byte to be 
written should be loaded into the Write Data Register. 
This byte is then loaded into the Write Output Register 
and shifted out bit serially to the external write en- 
coding logic. The first bit shifted out of each byte is 
the LSB. Whenever a byte is transferred from the Write 
Data Register to the Write Output Register, Write Data 
Request becomes active and requests another byte 
from the processor. If new data is not loaded into the 
Write Data Register before the Write Output Register 
becomes empty, then the Write Output Register is 
loaded with data from the Write Fill Register and the 
Write Data Underrun status line is set. WDU is reset 
the next time WDS is pulsed. At the end of the write 
operation, the processor should return the external 
write enable line to an inactive state. 

Read Operation 

After power-on, the desired sync byte is loaded into 
the Sync Byte Register. After the external control logic 
has initiated forward motion and the tape has come up 
to operating speed, the processor produces a positive- 
to-negative transition on the Read Gate input to set the 
read logic into the sync byte search mode. In the 
search mode the serial read data bit stream is ex- 
amined on a bit by bit basis until a sync byte is found. 
A sync byte is found, by definition, when the contents 
of the Sync Byte Register and the Read Input Register 
are identical. When this occurs the Sync Byte Detected 
output is set high. This byte is then loaded into the 
Read Data Register and the read logic is set into the 
byte mode. In this mode each byte read is loaded into 
the Read Data Register and Read Data Request is made 
active high for each byte. The processor responds to 



each Read Data Request by enabling the output bus 
with Read Data Enable, reading the data byte from 
the Read Data Register, and resetting Read Data 
Request by pulsing Read Data Request Reset. If the 
processor fails to respond to" Read Data Request within 
one byte time, the Read Data Lost status line is set. 
When the processor has read the required amount of 
data it may reset Read Gate to an inactive-high level 
and stop tape motion. 

System Operation — Additional Features 

Automatic Block Fill 

In some applications, such as the end of a logical file, 
the system buffer may contain less than a full block 
of data. In this case the processor need supply only 
this data to the CCC 3500. The CCC 3500 will then 
underrun, setting the Write Data Underrun Status line 
and thereby causing the remainder of the block to fill 
with bytes taken from the Write Fill Register. This op- 
eration continues until the processor returns the drive's 
write enable signal to an inactive level. 

Byte Search 

After byte synchronization has been established dur- 
ing a read operation, the processor may load a differ- 
ent byte into the Sync Byte Register. Whenever that 
byte occurs in the data being read, the Sync Byte De- 
tected status line will go high. This feature permits the 
processor to search for the occurrence of a specific 
byte while reading a block. 

Multiple Byte Synchronization 

Some systems use two or more contiguous sync 
bytes to establish byte synchronization. For these 
applications, the number of Read Data Requests re- 
ceived while Sync Byte Detected remains active-high 
may be counted by the processor to establish valid 
synchronization. 



FLOW DIAGRAM -WRITE DATA 



TURN POWER ON 

APPLY WCK 

SET FILL BYTE ONTO WRITE DATA INPUT LINES -PULSE FBS 

SET FIRST DATA BYTE ONTO WRITE DATA INPUT LINES - 

PULSE WDS 






YES ^ 


' IS ^ 
WDR = 


S.NO 






' 


' 


• 




LOAD WRITE OUTPUT REGISTER 
FROM WRITE DATA REGISTER 
WDU = 
WDR = 1 


LOAD WRITE OUTPUT 
REGISTER FROM WRITE 
FILL REGISTER 
WDU = 1 




1 


■ 


\ 





340 



FLOW DIAGRAM - READ DATA 
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DESCRIPTION OF PIN FUNCTIONS 



PIN NO. 


SYMBOL 


NAME 


FUNCTION 


1 


RD 


Read Data 


The Read Data input accepts the serial data stream 
from the cassette/cartridge data recovery circuit. 


2 


RCK 


Read Clock 


The negative-going edge of the Read Clock input 
shifts Read Data into the Read Input Register. 


3 


RDRR 


Read Data 
Request Reset 


An active-high pulse input on the Read Data Request 
Reset input resets the RDR output to a low level. 


4 


RDE 


Read Data 
Enable 


An active-high level on the Read Data Enable line 
gates the outputs of the Read Data Register onto the 
Read Data Output lines. 


5 


RDR 


Read Data 
Request 


The Read Data Request output is made active-high when 
an assembled byte is transferred from the Read Input 
Register to the Read Data Register. 


6 


RDL 


Read Data Lost 


The Read Data Lost output is made active-high, if the 
byte presently in the Read Data Register is not read 
(RDR not reset) by the processor before the next byte is 
loaded into the Read Data Register. 


7-14 


RD7-RD0 


Read Data 
Output 


When enabled by RDE the tri-state Read Data Output 
lines present the data in the Read Data Register to the 
processor. When RDE is inactive-low the RD7-RD0 lines 
are held at a high-impedance state. 


15-19 


NC 




Not Connected 


20 


Vcc 


Power Supply 


+ 5 volt supply 


21 


NC 




Not Connected 


22 


WDR 


Write Data 
Request 


The Write Data Request output is made active-high 
when the Write Data Register becomes empty and 
requires a data byte. It is reset to a low level when WDS 
occurs to load the Write Data Register. If WDR is not 
serviced by the time the next byte is required by the 
Write Output Register, the byte stored in the Write Fill 
Register is written onto the cassette/cartridge and the 
WDU line is made active high. 


23 


WD 


Write Data 


The Write Data output presents the serial stream of data 
to the external write data encoder. Each byte is normally 
provided from the Write Data Register provided that a 
WDS pulse occurs during the presently written byte. 
If WDS is not pulsed, the next byte to be written will be 
extracted from the Write Fill Register. 


24 


GND 


Ground 


Ground 


25 


WDU 


Write Data 
Underrun 


The Write Data Underrun output is set active-high when 
the processor fails to respond to the WDR signal 
within one byte time. When WDU occurs the data 
written on the disk is extracted from the Write Fill 
Register. This line is reset when WDS is pulsed. 


26 


Vdd 


Power Supply 


—12 volt supply 


27-34 


WD0-WD7 


Write Data 
Input 


The Write Data Input lines present information to the 
Write Data Register, the Write Fill Register, and the 
Sync Byte Register under control of their respective 
strobes. The strobes operate independently of each 
other. The LSB should always be placed on WD0. 


35 


RG 


Read Gate 


This input should be pulsed to a high-level after 
power turn on to reset RDR, SBD, and RDL to an inactive- 
low level. The high-to-low transition of RG sets the read 
logic into the sync byte search mode. In this mode 
the serial Read Data stream is examined on a bit by bit 
basis until a sync byte is found. A sync byte is found by 
definition when the contents of the Sync Byte Register 
and the Read Input Register are identical. When this 
occurs the SBD output is set active-high. The sync byte 
just read is then transferred into the Read Data Register; 
RDR is set high, and the read logic is set into the byte 
mode. In this mode each byte read is transferred into 
the Read Data Register. 


36 


SBD 


Sync Byte 
Detected 


The Sync Byte Detected output is set active-high each 
time the byte loaded into the Read Data Register is 
identical to the byte in the Sync Byte Register. This 
output is reset low the next time the Read Data Register 
is loaded with a byte which is not a sync byte. 
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DESCRIPTION OF PIN FUNCTIONS 



PIN NO. 


SYMBOL 


NAME 


FUNCTION 


37 


FBS 


Fill Byte 
Strobe 


The Fill Byte Strobe is an active-high input strobe which 
loads the byte on the WD0-WD7 lines into the Write 
Fill Register. 


38 


WCK 


Write Clock 


Each positive-going edge of this clock shifts one bit 
out of the Write Output Register onto WD. 


39 


WDS 


Write Data 
Strobe 


The Write Data Strobe is an active-high input strobe 
which loads the byte on the WD0-WD7 lines into the 
Write Data Register. 


40 


SBS 


Sync Byte 
Strobe 


The Sync Byte Strobe is an active-high input strobe 
which loads the byte on the WD0-WD7 lines into the 
Sync Byte Register. 



ADDITIONAL TIMING INFORMATION 
(Typical Propagation Delays) 





Vim 


WRITE DATA 






OUTPUT 

WDR 


Tpdo 
NA 


Tpdi 
2.0 




' 








WCK 














UNITS 

AS 


OUTPUT 




S^ 




"^VOH 

— Vol 


WDU 
WD 


1.0 
1.0 


1.5 
1.0 


IMS 
MS 








lr '^- 












































READ DATA 















RCK 



OUTPUT 



VlL- 



-TPDO 



-TPD1 




OUTPUT 


Tpdo 


Tpdi 


UNITS 


RDR 


NA 


1.5 


/zS 


RDL 


2.0 


2.5 


/J.S 


SBD 


2.0 


2.5 


liS 


RD0-RD7 


2.5 


2.5 


US 



RCK 




MIN. TIMING 


CCC 3500 

4.0 


UNITS 


tcY 


MS 


tcH 


1.0 


US 


t CL 


2.0 


nS 


*DV 


1.4 


v-S 
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MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range 0°C to +70°C 

Storage Temperature Range — 55°Cto +150°C 

Load Temperature (soldering, 10 sec.) +325°C 

Positive Voltage on any Pin, Vcc +0.3V 

Negative Voltage on any Pin, Vcc —25V 

'Stresses above those listed may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or at any other condition above those indicated in the 
operational sections of this specification is not implied. 



ELECTRICAL CHARACTERISTICS (Ta = 0°C to70°C, Vcc= +5V ±5% Vdd= -12V±5%, unless otherwise noted) 



Parameter 


Min. 


Typ. 


Max. 


Unit 


Conditions 


D.C. CHARACTERISTICS 












INPUT VOLTAGE LEVELS 
Low-level, Vn 
High-level, Vh 


Vdd 

Vcc-1.5 




0.8 
Vcc 


V 
V 




OUTPUT VOLTAGE LEVELS 
Low-level, Vol 
High-level, Voh 


2.4 


0.2 
4.0 


0.4 


V 
V 


la. = 1.6mA 
Ioh= — 100M 


INPUT CURRENT 
Low-level, In 






1.6 


mA 


See note 1 


OUTPUT CURRENT 
Leakage, Lo 
Short circuit, los** 






-1 
10 


mA 
mA 


RDE = V,l,0^Vout^+5V 

VOLIT = OV 


INPUT CAPACITANCE 
All inputs, Cm 




5 


10 


PF 


V,N = Vcc,f = 1MHz 


OUTPUT CAPACITANCE 

All OUtpUtS, Cout 




10 


20 


pF 


RDE = V, L ,f = 1MHz 


POWER SUPPLY CURRENT 
Ice 

Idd 






28 
28 


mA 
mA 


All OUtpUtS = Voh 


A.C. CHARACTERISTICS 










Ta= +25°C 


CLOCK FREQUENCY 


DC 




250 


KHz 


RCK.WCK 


PULSE WIDTH 
Clock 
Read Gate 
Write Data Strobe 
Fill Byte Strobe 
Sync Byte Strobe 
Read Data Request Reset 


1 

1 
200 
200 
200 
200 






J"S 

ns 
ns 
ns 
ns 


RCK.WCK 

RG 

WDS 

FBS 

SBS 

RDRR 


INPUT SET-UP TIME 
Write Data Inputs 









ns 


WD0-WD7 


INPUT HOLD TIME 
Write Data Inputs 









ns 


WD0-WD7 


STROBE TO OUTPUT DELAY 
Read Data Enable 




180 


250 


ns 


Load = 20pf + 1TTL input 
RDE:Tpd,,Tpm 


OUTPUT DISABLE DELAY 




100 


250 


ns 


RDE 



* *Not more than one output should be shorted at a time. 

NOTES: 

1. Under steady state condition no current flows for TTL or MOS interfacing. 

A switching current of 1.6mA maximum flows during a high to low transition of the input. 

2. The tri-state output has 3 states: 

1) low-impedance to Vcc 

2) low-impedance to GND 

3) high-impedance OFF = 10M ohms 

The OFF state is controlled by the RDE input. 
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CCDH TIMING DIAGRAM 
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The Write Output Register is 


In order to avoid an RDL indi- 


The RDL 


SBD and RD0-RD7 




loaded with the next byte at the 


cation the leading edge of the 


output are set to their correct 




positive clock transition cor- 


RDRR pulse should occur at 


levels approximately two micro- 




responding to the leading edge 


least one microsecond prior to 


seconds after the negative 




of the last bit of the current byte 


the negative clock transition 


clock transition corresponding 




on the WD output. WDR is set 


corresponding to the center of 


to the center of the first bit after 




high approximately two micro- 


the first bit after the last bit 


the last bit of the previous byte 




seconds after this clock tran- 


of the previous byte on the 


on the RD input. The RDR 




sition. If it is desired that the 


RD input. 


output is 


set high at the next 




next byte be extracted from the 




negative 


clock transition. 




Write Data Register the leading 










edge of the WDS should occur 










at least one microsecond prior 










to this clock transition. 
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Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 

devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 

we Keep ahead of our competition so »ou can keep ahead of yours at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 



CORPORATOR 



ROM 4732 

fJLPC FAMILY 



4096 X 8-Bit Static Read-Only Memory 

32K ROM 



FEATURES 

□ 4096 x 8 Organization 

□ All Inputs and Outputs TTL-Compatible 

□ Fully Static (No Clocks, No Refresh) 

□ Single +5v Power Supply 

□ Maximum Access Time. ..450ns 

□ Minimum Cycle Time. ..450ns 

□ Typical Power Dissipation. ..580mW 

D Three-State Outputs for Wire-OR Expansion 

□ Industry Standard 24 pin DIP Pin Out 

□ Pin Compatible with TMS 4732, TMS 4700, 
TMS 2708 and Intel 2316E 

□ Two programmable chip select inputs for Chip 
Select Flexibility 

□ Automated Custom Programming— Formats- 
Media 

□ COPLAMOS® N-Channel MOS Technology 



PIN CONFIGURATION 









A7 1 C 
A6 2 C 
A5 3 C 
A4 4 C 
A3 5 C 
A2 6 C 
A1 7 C 
A0 8 C 
Q1 9[ 
Q210 C 
Q311 C 
GND12 C 


w 


3 24 Vcc 

3 23 A8 

3 22A9 

3 21 CS2orCS2 

3 20 CS1 or CST 

319A10 

318A11 

D17Q8 

316Q7 

315Q6 

314Q5 

D13Q4 






PACKAGE: 24-pin 


D.I.P. 



GENERAL DESCRIPTION 



The ROM 4732 is a 32,768-bit read-only memory 
organized as 4096 words of 8-bit length. This makes 
the ROM 4732 ideal for microprocessor based 
systems. The device is fabricated using N-channel 
silicon-gate technology for high speed and simple 
interface with bipolar circuits. 
All inputs can be driven directly by Series 74 TTL 
circuits without the use of any external pull-up 
resistor. Each output can drive one Series 74 or74S 
load without external resistors. The data outputs 
are three-state for OR-tieing multiple devices on a 
common bus, facilitating easy memory expansion. 
Two chip select controls allow data to be read. 



These controls are programmable, providing 
additional system decode flexibility allowing four 
32K ROMs to beOR-tiedwithoutexternal decoding. 
The data is always available, it is not dependent 
on external CE clocking. 

The ROM 4732 is designed for high-density fixed- 
memory applications such as logic function 
generation and microprogramming. Systems 
utilizing 1024 x 8-bit ROMs or 1024 x 8-bit EPROMs 
can expand to the 4096 x 8-bit ROM 4732 with 
changes only to pins 18, 19, and 21. To upgradefrom 
the 2316E, simply replace CS2 with A11 on pin 18. 



BLOCK DIAGRAM 













DATA OUTPUTS 
Q1-Q8 

M M t t M 




csi — ~\ ^ 
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MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range 0° C to + 70° C 

Storage Temperature Range -55°C to +150°C 

Lead Temperature (soldering, 10 sec.) +325°C 

Positive Voltage on any Pin, with respect to ground +7.0V 

Negative Voltage on any Pin, with respect to ground —0.3V 

*Stresses above those listed may cause permanent damage to thedevice. This isastress rating 
only and functional operation of the device at these or at any other condition above those 
indicated in the operational sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important 
that the Absolute Maximum Ratings not be exceeded or device failure can result. Some 
power supplies exhibit voltage spikes or "glitches" on their outputs when the AC power is 
switched on and off. In addition, voltage transients on the AC power line may appear on the 
DC output. If this possibility exists it is suggested that a clamp circuit be used. 

ELECTRICAL CHARACTERISTICS 

(Ta = 0°C to 70°C, Vcc = +5V ±5%, unless otherwise noted) 



Parameter 


Min. 


Typ. 


Max. 


Unit 


Comments 


D.C. CHARACTERISTICS 












INPUT VOLTAGE LEVELS 












Low-level, V )L 






0.65 


V 




High-level, Vh 


2.0 






V 




OUTPUT VOLTAGE LEVELS 












Low-level, Vol 






0.4 


V 


Iol = 2.0mA 


High-level, Voh 


2.4 






V 


Ioh = -200)uA 


INPUT CURRENT 












Low-level, In. 






10 


ma 


OV < VlN < VcC 


OUTPUT CURRENT 












Iol 






±10 


ma 


Chip Deselected 


INPUT CAPACITANCE 












All inputs, Cin 






7 


PF 




OUTPUT CAPACITANCE 












All Outputs, Cout 






10 


PF 




POWER SUPPLY CURRENT 












Ice 






150 


mA 




A.C. CHARACTERISTICS 










1 Series 74 TTL load, 
CL = 100pF 


Read cycle time, t c(rd) 


450 






ns 




Access time from address, t a <ad) 






450 


ns 




Access time from chip select, 












ta(cs) 






200 


ns 




Previous output data valid after 












address change, t PVX 






450 


ns 




Output disable time from chip 












select, t PXZ 






200 


ns 





ADDRESSES 



CS1 , CS2 



Q1-Q8 



VlH 

Vil 

VlH 

Vil 

Voh 

Vol 




H- 



READ CYCLE TIMING 

tc(rd) ►{ |-«— 



ADDRESSES VALID 



1 



-M 



ADDRESSES VALID 



I 



a(cs) 



■HI— Z- 



( VALID YnOTVALIdY VALID \— HI— Z — 
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Description of Pin Functions 


PIN NO. 


SYMBOL 


NAME 


INPUT/ 
OUTPUT 


FUNCTION 


1,2,3,4,5,6, 

7,8,18,19,22, 

23 


A7, A6, A5, A4, 

A3, A2.A1.A0, 

A11.A10.A9, 

A8 


Addresses 


I 


The 12-bit positive-logic address is 
decoded on-chip to select one of 4096 
words of 8-bit length in the memory 
array. A0 is the least significant bit and 
A11 the most significant bit of the 
word address. The address valid 
interval determines the device 
cycle time. 


9,10,11,13, 
14,15,16,17 


Q1,Q2,Q3, Q4, 
Q5, Q6, Q7, Q8 


Data 
Outputs 





The eight outputs must beenabled by 
both chip select controls before the 
output word can be read. Data will 
remain valid until the address is 
changed or the outputs are disabled 
(chip deselected). When disabled, 
the three-state outputs are in a 
high-impedance state. Q1 is consid- 
ered the least significant bit, Q8 
the most significant bit. The out- 
puts will drive TTL circuits without 
external components. 


12 


GND 


Ground 


GND 


Ground 


20,21 


CS1.CS2 


Chip 
Select 


I 


Each chip select control can be pro- 
grammed during mask fabrication to 
be active with either a high or a low 
level input. When both chip select 
signals are active, all eight outputs 
are enabled and the eight-bit 
addressed word can be read. When 
either chip select is not active, all 
eight outputs are in a high- 
impedance state. 


24 


Vcc 


Power 
Supply 


PS 


+5 volt power supply 
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PROGRAMMING DATA 

PROGRAMMING REQUIREMENTS: The ROM 4732 is a fixed program memory in which the 
programming is performed via computer aided techniques by SMC at the factory during the 
manufacturing cycle to the specific customer inputs supplied in the punched computer card 
format below. The device is organized as 4096 8-bit words with address locations numbered to 
4095. The 8-bit words can be coded as a 2-digit hexadecimal number between 00 and FF. All data 
words and addresses in the following format are coded in hexadecimal numbers. In coding, all 
binary words must be in positive logic before conversion to hexadecimal. Q1 is considered the 
least significant bit and Q8 the most significant bit. For addresses, A0 is least significant bit and 
A11 is the most significant bit. 

Every card should include the SMC Custom Device Number in the form ROXXXX (4 digit number 
to be assigned by SMC) in column 75 through 80. 

PROGRAMMABLE CHIP SELECTS: The chip select inputs shall be programmed according 
to the data punched in columns 73 and 74. Every card should include in column 73 a 1 if the output 
is to be enabled with a high level at CS2 or a (zero) to enable the output with a low level at CS2. 
The column 74 entry is the same for programming CS1 . 

PROGRAMMED DATA FORMAT: The format for the cards to be supplied to SMC to specify 
that data to be programmed is provided below. The card deck for each device consists of 128 cards 
with each card containing data for 32 memory locations. 



HEXADECIMAL FORMAT 

Hexadecimal address of first word on the card 

Blank 

Data. Each 8-bit memory byte is represented by two ASCII characters to 

represent a hexadecimal value of '00' or 'FF'. 

Checksum. The checksum is the negative of the sum of all 8-bit bytes in the 

record from column 1 to 68, evalua'te modulo 256 (carry from high order bit 

ignored). (For purposes of calculating the checksum, the value of Column 

4 is defined to be zero.) Adding together, modulo 256, all 8-bit bytes from 

Column 1 to 68 (Column 4 = 0), then adding the checksum, results in zero. 

Blank 

One (1 ) or zero (0) for CS2 

One (1 ) or zero (0) for CS1 

RO 

XXXX (4 digit number assigned by SMC) 



CARD COLUMN 


1 to3 


4 


5 to 68 



69, 70 



71,72 

73 

74 

75,76 

77 to 80 



ALTERNATIVE INPUT MEDIA 

In addition to the preferred 80 column "IBM Card," customers may submit their ROM bit patterns 
on 9-track 800-BPI mag tape, 8-channel perforated paper tape, EPROM, ROM, etc. Where one 
of several nationwide time sharing services is mutually available, arrangements may be made 
with the factory to communicate the ROM definition data directly through the service computer. 
Format requirements and other information required to use alternative input media may be 
obtained through SMC sales personnel. 



ALTERNATIVE DATA FILE FORMATS 

In addition to the standard SMC format, it is possible to furnish data to SMC in other formats if 
prearranged with the factory. Non-standard formats may be acceptable. Contact SMC 
sales personnel. 



STANDARD MICROSYSTEMS 
CORPORATION, 



< (516)273-3100 TWX-S10-227-8e98 

we keep ahead of our competition so you can Imp ahead of yours. 



Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION^^^^g 



ROM 36000 

jXPC FAMILY 



8192 X 8-Bit Static Read-Only Memory 

64K ROM 



FEATURES 

□ 8192 X 8 Organization 

□ All Inputs and Outputs TTL-Compatible 

□ Edge Activated** 

□ Single +5V±10% Power Supply 

□ Maximum Access Time. ..250ns 

□ Minimum Cycle Time. ..375ns 

□ Low Power Consumption. ..220mW max active 

□ Low Standby Power Dissipation. ..35mW typical 

□ Three-State Outputs for Wire-OR Expansion 

□ Industry Standard 24 Pin DIP Pin Out 

□ Pin Compatible with MOSTEK MK36000-4 

□ On-Chip Address Latches 

□ Outputs drive 2 TTL loads and "lOOpf 

□ COPLAMOS® N-Channel MOS Technology 



PIN CONFIGURATION 





A7 1 CI 


W 


ZJ 24 Vcc 


A6 2C 




ID 23 A8 


A5 3 C 




ID 22 A9 


A4 4 C 
A3 5 CI 




Z] 21 A12 

Zl 20 CE 




A2 6 C 




Zl 19A10 


A1 7 C 




Zl 18 A11 


A0 8 LZ 

Q1 9 rz 




ZJ 17 Q8 
ID 16 Q7 




Q2 10 CI 




ID 15 Q6 


Q3 11 C 




ID 14 Q5 


GND 12 (Z 




Zl 13 Q4 


PACKAGE: 24-pin 


D.I. P. 



BLOCK DIAGRAM 



DATA OUTPUTS 
Q1 — Q8 



CE- 



CHIP ENABLE LOGIC 



ADDRESS INPUTS 



V5-A12) 



Y 
ADDRESS 
BUFFER 



ADDRESS 
BUFFER 



=0 



-^) 



H 1 1 1 1 1 1 



OUTPUT BUFFERS 



8192 X 8 MEMORY MATRIX 



TOR FUTURE RELEASE 



"Trademark of MOSTEK Corporation 
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GENERAL DESCRIPTION 



The ROM 36000 is a new generation N-channel 
silicon gate MOS Read Only Memory, organized as 
8192 words by 8 bits. As a state-of-the-art device, 
the ROM 36000 incorporates advanced circuit 
techniques designed to provide maximum circuit 
density and reliability with the highest possible 
performance, while maintaining low power dis- 
sipation and wide operating margins. 

The ROM 36000 utilizes what is fast becoming an 
industry standard method of device operation. Use 
of a static storage cell with clocked control 
periphery allows the circuit to be put into an 
automatic low power standby mode. This is 
accomplished by maintaining the chip enable 
(CE) input at a TTL high level. In this mode, power 
dissipation is reduced to typically 35mW, as 
compared to unclocked devices which draw full 
power continuously. In system operation, a device 
is selected by the CE input, while all others are 
in a low power mode, reducing the overall system 
power. Lower power means reduced power supply 
cost, less heat to dissipate and an increase in 



device and system reliability. 

The edge activated chip enable also means greater 
system flexibility and an increase in system speed. 
The ROM 36000 features onboard address latches 
controlled by the CE input. Once the address hold 
time specification has been met, new address data 
can be applied in anticipation of the next cycle. 
Outputs can be wire- 'OR'ed together, and a 
specific device can be selected by utilizing the CE 
input with no bus conflict on the outputs. The C"E 
input allows the fastest access times yet available 
in 5 volt only ROM's and imposes no loss in system 
operating flexibility over an unclocked device. 

Other system oriented features include fully TTL 
compatible inputs and outputs. The three state 
outputs, controlled by the CE input, will drive a 
minimum of 2 standard TTL loads. The ROM 36000 
operates from a single +5 volt power supply with a 
wide ±10% tolerance, providing the widest opera- 
ting margins available. The ROM 36000 is packaged 
in the industry standard 24 pin DIP. 



ABSOLUTE MAXIMUM RATINGS* 

Voltage on Any Terminal Relative to Vss —0.5V to +7V 

Operating Temperature Ta (Ambient) 0°C to +70°C 

Storage Temperature— Ceramic (Ambient) —65° C to +150° C 

Power Dissipation 1 Watt 

'Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage 
tp the device. This is a stress rating only and functional operation of the device at these or any other 
conditions above those indicated in the operating sections of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods may affect device reliability. 



PRELIMINARY 

lot.ce. Tf "S >s not a final sc 
e param etric limits are sub 

ELECTRICAL CHARACTERISTICS (Ta = 0°C to 70°C, Vcc = +5V ±10%, unless otherwise noted) 



qn^i°' (ce Tf " s ,s no ' a ,,nal specification 
Some parametric ),„»„„. su ^ 9C t to change. 



Parameter 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Notes 


Power Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


Volts 


6 


Input Logic Voltage 


VlL 


—0.5 




0.8 


Volts 




Input Logic 1 Voltage 


VlH 


2.0 




Vcc 


Volts 




DC ELECTRICAL CHARACTERISTICS 














Vcc Power Supply Current (Active) 


Icci 






40 


mA 


1 


Vcc Power Supply Current (Standby) 


ICC2 




7 




mA 


7 


Input Leakage Current 


ll(L) 


—10 




10 


A<A 


2 


Output Leakage Current 


lO(L) 


—10 




10 


A*A 


3 


Output Logic "0" Voltage 


Vol 






0.4 


Volts 




@ Iout = 3.3mA 














Output Logic "1" Voltage 


Voh 


2.4 






Volts 




@ | out = —220fjA 
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Parameter 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Notes 


AC ELECTRICAL CHARACTERISTICS 














Cycle Time 


tc 


375 






ns 


4 


CE Pulse Width 


tCE 


250 








4 


CE Access Time 


tAC 






250 


ns 


4 


Output Turn Off Delay 


tOFF 






60 


ns 


4 


Address Hold Time Referenced to CE 


tAH 


60 






ns 




Address Setup Time Referenced to CE 


tAS 









ns 




CE Precharge Time 


tP 


125 






ns 




CAPACITANCE 














Input Capacitance 


CI 




5 




pF 


5 


Output Capacitance 


CO 




7 




pF 


5 



1. Current is proportional to cycle rate. Icci is measured atthespecified 
minimum cycle time. 

2. Vin = 0V to 5.5V. 

3. Device unselected; Vout = 0V to 5.5V. 

4. Measured with 2 TTL loads and 100pF, transition times = 20ns. 



5. Capacitance measured with Boonton Meter or effective capacitance 
calculated from the equation: A( ~. 

C = =f7 with AV = 3 volts 
AV 

6. A minimum 100/js time delay is required after the application of 
Vcc (+5) before proper device operation is achieved. 

7. CE high. 



TIMING DIAGRAM 



CHIP ENABLE 



ADDRESS 



VlH 
VlL 



VlH 
VlL 



■♦tAS* 



tc 



\ 



DATA OUTPUT 



Voh 
Vol" 



/ 



tCE 



•tAH 



VALI 



O^ 



tp 



\ 



■*- tOFF -■» 



Wl 



tAC 



OPEN 



i VALID ) 



OPEN 



OPERATION 



The ROM 36000 is controlled by the chip enable 
(CE) input. A negative going edge at the CE input 
will activate the device as well as strobe and latch 
the inputs into the onchip address registers. At 



access time the outputs will become active and 
contain the data read from the selected location. 
The outputs will remain latched and active until 
CE is returned to the inactive state. 



PROGRAMMING 



Standard Microsystems Corporation will accept 
data input in the form of 8K, 16K, 32K and 64K 
EPROMS and 8K, 16K, 32K and 64K ROMS. If 



other programming media 
consult the factory. 



is preferable, please 
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Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applications; consequently, 
complete information sufficient for construction purposes is not necessarily given. The information has been carefully checked 
and is believed to be entirely reliable. However, no responsibility is assumed for inaccuracies. Furthermore, such information 
does not convey to the purchaser of the semiconductor devices described any license under the patent rights of SMC or others. 
SMC reserves the right to make changes at any time in order to improve design and to supply the best product possible. 

STANDARD MICROSYSTEMS 
CORPORATION ,*^^^= 

mm ^ mmm ^ mmim ^^ m ' m ^^^ r ' 35 Marcus Blvd., Hauppauge, N.Y. 11787 

(516) 273-3100 • TWX- 51 0-227- 8898 

we keep ahead of our competition so you can keep ahead of yours. 
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100- Printer 

CHARACTER GENERATOR 



Part Number 


Description 


Scan 


Max Access Time 


Power Supplies 


Package 


Page 


CG4103< 3) 


5x?x64 


Column 


1.2 fJBeo 


+5, -12 or ±12 


28 DIP 


357-360 



SHIFT REGISTER 



Part Number 


Description 


1 Max 
Feature 1 Clock Free;. 


Power 
Supply 


Package 


Page 




SR 6015-XX< 3 > 


Quad Statio Shift Register 
Mask Programmable Length 


Load, Recirculate, ! 
Shift Controls, ! 


+6 


16 DIP 


361-364 




SR 5015-80 


Quad 80 Bit Statio 




1 MHz 




SR 8015-81 


Quad 81 Bit Static 




SR 8016-133 


Quad 133 Bit Static 




SR 6017 


Quad 81 Bit 


Shift Left/Shift 
Right, Recirculate 
Controls, Asynch- 
ronous clear 


1MHz 


+5 


16 DIP 


365-368 1 


9 


SR6018 


Quad 133 Bit 


(1) For future re 
(3) May be custc 


lease 

>m mask programmed 
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STANDARD MICROSYSTEMS 
CORTORAJIONj^^^= 



4100 Series 

CG4103 



CHARACTER GENERATOR 

2240-Bit Programmable (ROM) 64 Characters of 5 x 7 Bits 



FEATURES 

□ Static Operation, no clocks required. 

□ 2240-Bit Capacity, fully decoded- 

□ 64 Characters of 35 Bits (5 x 7) 

□ Column by Column Output — Column 
Scan 

□ TTL Compatible 

□ Wired "OR" Capability for memory 
expansion 

□ Power Supplies: + 1 4v, - 1 4v or + 1 2v, 
-12v, or+5v, -12v 

□ Eliminates need for + 1 2v power supply 

□ Single mask custom programming 



APPLICATIONS 

□ Matrix Printers 

□ Vertical Scan Alphanumeric Displays 

□ Billboard and Stock Market Displays 

□ Strip Printer 

□ LED Matrix Arrays 



PIN CONFIGURATION 



01 1 tZ 


\j 


Z] 28 Chip Enable (A7) 


NC 2 LZ 




Z] 27 Ai 


02 3 rz 




Z) 26 A2 


NC 4.C 




Zl 25 A3 


03 5 rz 




Z] 24 A4 


NC 6 rz 




Z] 23 As 


04 7 rz 




Zl 22 Cs 


nc 8 rz 




Zl 21 C4 


os 9 rz 




Zl 20 C3 


nc 10 rz 




Zl 19 C2 


oe 11 rz 




Zl 18 C1 


nc 12 rz 




ZI17 Vss 


0? 13 rz 




ZI16 As 


Vdd 14 rz 




Zl 15 Vgg 


NC 


= No Connect 


on 



BLOCK DIAGRAM 



co LSB 
uj Ai>— 

8 A 2 >H 

cr A3 
£ A4>H 
< 

< 

x 
o 



As>— 

Ae>— 

MSB 



CHARACTER 

ADDRESS 

DECODE 





COLUMN 
SELECT 



LEFT A A A A A R,GHT 
C1C2C3C4C5 



OUTPUT 
BUFFERS 



CE (A?) 
CHIP ENABLE 

Vss Vdd Vgg 

AAA 



TOP 




-*-0i 


-*-02 


CO 

1- 


-*-0s 


Z) 
Q. 




H 


-»-04 


13 
O 


-*-05 


< 

1- 




< 


->-06 


Q 


-»-07 




BOTTOM 
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General Description 

The CG41 00 Series MOS Read Only Memories (ROMs) are designed specifically for dot-matrix character generation 
where column by column output data is desired. Each ROM contains 2240 bits of programmable storage, organized as 64 
characters, each having 5 columns of 7 bits. 

The output word appears as a 5 word sequence on each of the output lines. Sequence is controlled by the 5 Column 
Select lines. By strobing the first select line, the first group of 7 bits (first column) is obtained at the output. By sequentially 
strobing Ci through Cs the font of the addressed character would be displayed. The character address may remain fixed 
while the column select changes. 

Since only 6 address bits are required in order to decode the 64 stored characters, the seventh bit (A7) may be used as a 
chip enable. The chip enable (CE) in conjunction with the single ended open drain output buffers allow for memory 
expansion through wired "OR" connection. 

The CG4100 Series contains an USASCII character font. Custom memory patterns are provided through the use of 
customer provided encoding sheets, tapes, or card decks. 



MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range -25°C to + 85°C 

Storage Temperature Range -55°C to + 1 50°C 

Voltage on any Pin, with respect to Vss +0.3V to -30V 

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 

RECOMMENDED OPERATING CONDITIONS (-25°C=sTa=s+85°C) 



Parameter 






Symbol 


Min. 


Typ. 


Max. 


Unit 


Suppy Voltage 






Vss 




0.0 




V 


Supply Voltage 






Vdd 


-12.0 


-14.0 


-16.0 


V 


Supply Voltage 






Vgg 


-24.0 


-28.0 


-29.0 


V 


Input Voltage, logic 
Logic "0"= most 


"0" 
positive level 


Vih 


Vss -1.5 


Vss 




V 


Input Voltage, logic 
Logic "l"=mostn 


"I" 
egative, 


level 


VlL 




Vdd 


Vss- 11 


V 



Note: The design of the CG4100 permits a broad range of operation that allows the user to take advantage of readily 
available power supplies; e.g. +5V, -12V. See "Operational Interface — To/From TTL logic" diagram. 

ELECTRICAL CHARACTERISTICS (Vss= + 14v,VGG=-14v,VDD=Ground,TA=25°C, unless otherwise noted) 

Parameter Symbol Min. Typ. Max. Units Comments 

Output Blank Current Iob — 

Output Dot Current Iod 2.5 



Input Leakage Current 


llN 


Output Voltage 


Vo 


Address Access Time 


tAA 


Column Select Access Time 


tCA 


Chip Enable Access Time 


tCE 


Power Dissipation 








10 


/ita 


Vdd applied to output 
see Note 1 . 


— 


— 


ma 


Vdd applied to output 
see Note 1 . 


— 


10 


jita 


Vin=OV 


2.0 
5.0 


— 


V 
V 


lo=0.5ma 
lo=2.0ma 


— 


1200 


ns 




— 


600 


ns 




— 


400 


ns 




— 


400 


mw 


Output unconnected 



Note 1 : An output dot is defined as the ON state of the MOS output transmitter. An output blank is defined as the OFF state. 
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Description of Pin Functions 



Pin No. 



Symbol 



Name 



Function 



1,3,5,7 

9,11,13 

14 

15 

16 

17 

18-22 

23-27 

28 



0l,02, 03,04 

05, Oe, 07 

Vdd 

Vgg 

Ae 

Vss 

C1-C5 

A5-A1 

CE(A 7 ) 



Outputs 7 Data Outputs 

Vdd Usually connected to Ground 

Vgg Negative power supply: - 1 4v or - 1 2v 

Address Bit 6 of the character address 

Vss Positive power supply: + 1 4v or + 1 2v or + 5v 

Column Select Column Select inputs 

Address Bits 1 through 5 of the character address 

Chip Enable Chip Enable for memory expansion 



ADDRESS ACCESS TIMING 



Vss v 

Address 
Input 

Vdd 




Vss- 



Only one of the five Column Select inputs is at logic " 1 . 
Chip Enable input is at logic "1 ." 

COLUMN SELECT ACCESS TIMING 

-r50% ■*■ 



Column Select 
Input 

Vdd 



tCA 



tCA 



+ 1.5V 



■\ 



\ 



Gnd 

All Column Select inputs are at logic "0" except one under test. 
Address inputs are set in a dc state. 
Chip Enable input is at logic "1 ." 

OPTIONAL INTERFACE TO/FROM TTL LOGIC 

> + 5V 



74XX 




LOW-POWER 

TTL LOGIC 

GATE 



-12V 



CHIP ENABLE ACCESS TIMING 



Vss 

Chip Enable 

Input 

Vdd 



Output 



Gnd- 



^ 



50% 



tCE 



tCE 



+ 1.5V 



\ 



Only one of the five Column Select inputs is a logic "1 ." 
Address inputs are set in a dc state. 

AC TEST CIRCUIT 

+ 14V9 W __ 

Out 2.5KH 
-cHAV 



VddA A 



7400 or Equiv. 



I ' Out 



Output 



Vgg 



9.1KH 



r; 



4V 



tr = tf < 50 ns for all timing diagram forcing functions. 
Altoutput waveforms are measured at the output of the 
7400 TTL gate. 

INTERFACE TO TTL LOGIC 

^+14V _-14V 

+i4 r.i ^1 1 r~ ^ 9 - iKn 

•H Y-#o| Vdd Vss Vgg L>#vw£-I ")>• 



V 4 7426 



O 

o|5 CG 

^gl 4100 



+ 14V 

• 



rW — 4 



<>-\AAr- 



<>-vw 
— ^AA^ 



B: o2.5Kn 1/47400 

-c or Equiv. 

-c 

CH COLUMN SELECT ~° 
0-\ INPUTS -O 



*The value of R depends on 
System Speed and Power 
Requirements. 

Mask — programmable 

~ 100K (1 on -chip resistors 

are available. 



WOO 



74145 
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OUTPUT AND 
COLUMN 

SELECT ;'i 

ASSIGNMENTS - s 




Al 1 
A2 1 
A3 1 | 
A4 ] 
A5 | 
A6 1 





Al Of 






A2 1 Qy 


















A6 0( 





Al 1 
A2 ' 
A3 ' 
A4 ] 
A5 1 | 
A6 1 






Al 

A2 

A3 1 

A4 1 

A5 1 

A6 









A2 1 O 


































A6 1 C 





















A2 
A3 
A4 1 
A5 
A6 1 





























A2 1 00 




























A6 1 #(J 













Al OCQ 
A2 CQjt 

A3 i 2K3 

A4 XflA 

A5 1 QQQ 
A6 1 OOO 

















A2 1 p 
A3 Q 
























A6 1 O 









Al 


CW%*D 


A2 


Z-!a!«2 


A3 


X~XiX 


A4 


o X^SaX 


A5 


o XHqcq 


A6 


o C4HMK3 



Al II 
A2 I 
A3 1 | 
A4 ] 
A5 i 
A6 1 





Al 1 
A2 1 > 
A3 1 ' 
A4 ] 
A5 | 
A6 1 
















ES 





Al 11 
A2 1 1 
A3 ] 
A4 1 ] 
A5 | 
A6 I 





Al I 
A2 * 
A3 ' ' 

AS 
A6 


W±) 




Al 


1 




A2 


1 1 




A3 


] 




A4 


' 




A5 


1 1 




A6 


I 


S±c# 



Al 11 
A2 1 1 
A3 1 | 
A4 ' 
A5 1 , 
A6 1 








Al 1 
A2 
A3 1 
A4 1 
A5 1 
A6 









































Al C 

A2 1 

A3 1 

A5 1 

A6 







A2 1 
A3 • 
A4 U 
A5 Q 
A6 1 







Al 


cr^ZD 


A2 


o vfwMI 


A3 


1 ll^J^x' 


A4 


p^X^^ 


A5 


o #aXa 


A6 


i oc#3o 



At 1 
A2 
A3 
A4 1 
A5 
A6 1 



























Al 


rrnpo 


A2 


i O^fco 


A3 


o JOjQ' 


A4 


l W^X^A 


AS 


o oHSro 


A6 


1 •$-&& 



Al 1 

A2 I 

A3 1 

A4 I 

A5 

A6 1 



Al 


c«dM£ 


A2 


o •wCCjl 


A3 


o jE-^^X 


A4 


o Xll^^X 


A5 


i Joq^X 


A6 


' '~<MMft 



Al 1 

A2 

A3 1 

A4 

AS 1 

A6 1 


















A2 1 

A3 
A4 1 
A5 1 
































A6 1 













Al o CCC4M 
A2 pCjKx 








as i QrwY* 

*6 1 JOC4M 




Al 1 
A2 1 I 
A3 ] 

A4 , 
AS , 
A6 I 





Al 1 

A2 1 

A3 1 

A4 

A6 

A6 




Al 1 

A2 

A3 

A4 1 

A5 1 

A6 









A2 1 
A3 1 
A4 1 
AS | 
A6 





































Al 1 

A2 

A3 1 

A4 

AS 

A6 1 



Al 1 ( 

A2 1 ( 

A) 

A5 } 

A6 1 l 



ai i OQ 

A2 C# 

A3 o QQ 

A4 W>< 
AS t QQ 
A6 1 ## 





Al 1 

A2 I 

A3 1 

A4 

A5 1 

AG I 



Al 


1 PX£Q 


A2 


o vCqCq 


A3 


i WWi 


A4 


i lAAAJU 


A5 


i o^o^q 


A6 


' ^XX» 



Al 1 
A2 1 
A3 ] 
A4 1 
A5 , 
A6 1 







Al ( 
A2 1 1 
A3 1 j 
A4 1 ] 
A5 i 
A6 1 







Al 
A2 
A3 1 
A4 
A5 1 
A6 







Al 


4MMMM 


A2 


i OQCCw 


A3 


JxW^ff^ 


A4 


i p*^pp 


AS 


i acYXXJ 


A6 


o tiMi 















A2 QZ 







































Al (J 

A2 1 C 

A3 1 p 

AS I 

A6 1 i 









A2 
A3 1 
A4 1 
AS 











































Al 1 
A2 1 
A3 
A4 
A5 
A6 



ai i QJk 

A2 p3 
A3 PP 
A4 1 WW 
A5 HH 
A6 O^J 





A, 


1 


rmmtQ 


A2 


1 


4QQQ4 


A3 


1 


JpQpJ 


A4 


1 


•fixiX 


A5 





•Ca^X 


A6 





c***o 



A1 ' QQ 






























A6 Of 









Al 11 
A2 1 < 
A3 ' 
A4 1 ] 
A5 1 
A6 I 

































Al 1 
A2 
A3 
A4 
AS 


























A6 1 













A2 1 ( 
A3 1 
A4 
A5 
A6 1 





























Al I 

A2 

A3 I 

A4 1 

A5 

A6 1 



Al 


g<MMK2 


A2 


1 wpOCj 


A3 


o PPPQtI 


A4 


o PjkA^P 


A5 


i •qqqo 


A6 


1 NtN 



Al I 

A2 I 

A3 

A4 

A5 1 

A6 I 



Al 


1 o< 




A2 


♦> 




A3 


o Qs 




A4 


1 pj 




AS 


1 ex 




A6 


1 (p 





Al 
A2 
A3 

A5 
A6 



Pin-for-Pin Equivalent for: TMS 4103 MK2002 S8499. 

STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 

/V^OrV^n ATliHiM I 1— -— — ■— — — — — - 'ions; consequently complete information sufficient for construction purposes is not necessarily given. The 

LUKPUrvAl lUIMjj^B^BH^^^Hjj; information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 

^^^^^^SESS^SHH^^I^r^^^^ assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 

■■P i5iG)273-3ioo iwx-510-227 -8898 devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 

we teep ahead of our competition so you can keep ahead of yours at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 



CORPORATION^ 



T 



SR5015-XXX 

SR 5015-80 
SR 5015-81 
SR 501 5-1 33 



Quad Static Shift Register 



FEATURES 

□ COPLAMOS® N Channel Silicon Gate 
Technology 

□ Variable Length — Single Mask 
Programmable — 1 to 134 bits 

□ Directly TTL-compatible on all inputs, 
outputs, and clock 

□ Clear function 

□ Operation guaranteed from DC to 1 .0 MHz 

□ Recirculate logic on-chip 

□ Single +5.0V power supply 

□ Low clock input capacitance 

□ 16 pin ceramic DIP Package 

□ Pin for Pin replacement for AMI S21 82, 83. 85 

APPLICATIONS 

□ Memory Buffering 

□ Unique Buffering Lengths 

□ Terminals 

BLOCK DIAGRAM 



PIN CONFIGURATION 



INPUT A 






| OUTPUT A 


J1 


W16[ 


RECABC 


12 


15 


| RID 


CLEAR 


13 


14 t 


OUTPUT D 


INPUT B 


14 


13 


| INPUT D 


OUTPUT B 


15 


12 


RECD 


GND| 


16 


11 f 


NC 


Vcc 


17 


io[ 


INPUT C 


OUTPUT C 


1.8 


9T 


CLOCK 



OUTPUTAi I OUTPUTC 



REC CONTROL fKBC~^>- 



INPUTA^>" 




REGISTER 
C 



INPUT B^- 




CLOCK 
GENERATOR 



II II 

OUTPUT B OUTPUT D 
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CLOCK CLEAR 




-< INPUT C 




-<^ RECIRC INPUT D 
-<^ REC. CONTROL D 



-<^ INPUT D 



General Description 

The SMC SR 501 5-XXX is a quad static shift register family fabricated using SMC's COPLAMOS® N channel silicon gate 
process which provides a higher functional density and speed on a monolithic chip than conventional MOS technology. The 
COPLAMOS® process provides high speed operation, low power dissipation, low clock input capacitance, and single +5 volt 
power supply operation. 

These shift registers can be driven by either T 2 L circuits or by MOS circuits and provide driving capability to MOS or T 2 L 
circuits. This device consists of four separate static shift registers with independent input and output terminals and logic for 
loading, recirculating or shifting information. The SR 5015-80, SR 5015-81, and SR 5015-133 are respectively 80, 81, and 
133 bit quad shift registers. 

The recirculate control pin is common for registers A, B, and C. Register D has an independent recirculate control pin as 
well as a recirculate input pin. 

A clear pin has been provided that will cause the shift register to be cleared when the pin is at Vcc. A single T 2 L clock is 
required for operation. 

The transfer of data into the register is accomplished on the low-to-high transition of the clock with the recirculate control 
low. For long term data storage the clock may be stopped and held in either logic state. Recirculate occurs when the 
recirculate control is high. Output data appears on the low-to-high transition of the clock pulse. 

Bits 81 and 1 33 are available for flag storage. 

This device has been designed to be used in high speed buffer storage systems and small recirculating memories. 

Special custom configurations are achieved via single mask programming in lengths of 1 to 134 bits. 

MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range 0°C to + 70°C 

Storage Temperature Range -55°Cto +150°C 

Lead Temperature (soldering, 10 sec.) +325°C 

Positive Voltage on any Pin, with respect to ground +8.0V 

Negative Voltage on any Pin, with respect to ground -0.3V 

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional 

operation of the device at these or at any other condition above those indicated in the operational sections of this 

specification is not implied. 
ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vcc= +5V±5%, unless otherwise noted) 



Parameter 


Min. 


Typ. 


Max. 


Unit 


Comments 


D.C. Characteristics 












INPUT VOLTAGE LEVELS 












Low Level, Vil 






0.8 


V 




High Level, Vih 


Vcc- 1.5 




Vcc 


V 




OUTPUT VOLTAGE LEVELS 












Low Level, Vol 






0.4 


V 


loL=1.6ma 


High Level, Voh 


Vcc- 1.5 


4.0 




V 


loH=100ua 


INPUT LEAKAGE CURRENT 






1.0 


ua 


Vin=Vcc 


CLOCK, CLEAR 






25 


pf 
ma 




All Other 






10 




POWER SUPPLY CURRENT 






80 




A.C. Characteristics 










Ta= +25°C 


CLOCK 












PWh 


300 






ns 




PWl 


600 






ns 




Transition, tr, tf 




0.02 


1.0 


/US 




Repetition Rate, 1/T 







1.0 


MHz 




t Delay 


300 






ns 




INPUT DATA 












tD, set-up 


100 






ns 




to, hold 


200 






ns 




PWd 


300 






ns 




OUTPUT DATA 












tD, ACC 




200 


350 


ns 




RECIRCULATE CONTROL 












tR, set-up 


200 






ns 




tR, hold 


300 






ns 




PWr 


500 






ns 




CLEAR 












PWCLEAR 


20 






us 
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TIMING DIAGRAMS 






Clock 

Input Data 

Output Data 

Recirculate 
Control 

Clear 
Clock 


/ — \ V 

rpwTl 

PWr. 




T 


»J 


\ 








tD, set-up »4 p* 
/ 

1 


[m- tD. hold 




0. ACC 




tD. ACC | 






/ 






\l 


\_ 


/ 






tR set-up H 


«»J U— tRhold 




PWr 


i PW clear 




J 












/ 






"\ 








u. J 


WW////////////////////////, 


:y~\. 







Pin No. Symbol 



Description of Pin Functions 



Name 



Function 



A 
RECABC 

CLR 



Input A 
Recirculate ABC 

Clear 



4 
5 
6 


B 

Ob 

GND 


Input B 
Output B 
GND 


7 


Vcc 


+5 Volt 


8 
9 


Oc 
CLK 


Output C 
Clock Input 


10 
11 


C 

NC 


Input C 
NC 


12 


RECD 


Recirculate 
Control D 


13 
14 
15 

16 


D 

Od 

RID 

Oa 


Input D 
Output D 
Recirculate 
Input D 
Output A 



Input signal which is either high or low depending on what 

word is to be loaded into shift register. 

Input signal when high disconnects inputs from registers 

and connects outputs to inputs, thus recirculating 

data. Recirculates only A, B, C outputs. 

Input signal when high forces outputs to a low state 

immediately and clears all the registers. 

Input signal for B register. 

Output signal for B register. 

Power supply Ground. 

5 volt power supply. 

Output signal for C register. 

Input signal which is normally low and pulses high to 

shift data into the registers. The data is clocked in on 

low to high edge of clock. 

Input signal for C register. 

Input signal which is normally low and, when goes high, 
disconnects Input D to register and connects 
Recirculate Input D to register. 
Input signal for D register. 
Output signal for D register. 
Input signal which is the input to the D register 
when Recirculate Control D is high: RECD = 1. 
Output signal for A register. 
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Line Buffer for CRT Display ... 80 Characters per line. 

CLK 
f SR5015-80 




PAGE 
MEMORY 


D- 








D; 






























Video Clock 


<►- 










* 




Dj 






A, 


SMC 
CG5004L-1 


SO Serial Data Output 

^ 


(>- 










D» 






it- 


:=] 






A, *" 






A 


^" 






A 


^ 


To Monitor Electronics 










A 6 


3 6 






A7 
















D, 












t\- 








C 


UR, 


I 


i l 'i 

» 
—i 


! L! I 

I 


l U | 


| L ° 




CURSOR 
MEMORY 


3a 








I 












<>- 






















R 


k SR5015-80 








CLK 
ECIRCULATE 


DECODER 


( 




















A 


B 


C 








D 






SCAN 
COUNTER 






Line Buffer for Mc 


itrix F 


f 

End of Line Clock 

'rinter ... 132 Characters per line. 

CLK 
f SR5015-133 






INTERFACE 

OR 

MEMORY 


D, 










N 








D 2 






















< 
D 3 








fc 












PHAPAPTFR 


1 
D< 


» 








GENERATOR 


7 \ To Print Head 

/ Solenoid Drivers 










ROM(s) 


< 
Ds 


i 








bMU (JU410U 

CCRICC 




*■ 


V 
















( 
D 6 


I 














ii 














D7 
















( 
Da 








I 
















( 


r— 












^ 














REC 




| SR5015-133 
CLK 




- 































STANDARD MICROSYSTEMS 
CORPORATION^ 




Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION. ;===== 

w 



SR5017 
SR5018 



Quad Static Shift Right/Shift Left Shift Register 

Last In First Out Buffer 



FEATURES 

□ COMPLAMOS® N-Channel Silicon 
Gate Technology. 

□ Quad 81 bit or Quad 133 bit 

□ Directly Compatible with T 2 L, MOS 

□ Operation Guaranteed from DC to 
1.0MHz 

□ Recirculate logic on-chip 

□ Single + 5.0V power supply 

□ Low clock input capacitance 

□ Single phase clock at T 2 L levels 

□ Clear function 

□ 16-pin Ceramic DIP Package 

APPLICATIONS 

□ Bi-Directional Printer 

□ Computers — Push Down 
Stack— LI FO 

D Buffer data storage — memory buffer 

□ Delay lines — delay line processing 

□ Digital filtering 



LIFO 



PIN CONFIGURATION 



INPUT 



d ui v_yi6 



I RECD 



RID 

OUTPUT D 

CLEAR 

OUTPUT A 

L/RCON 

INPUT A 



CLOCK [18 



15 ] GND 
14 ] OUTPUT C 
13 ] INPUT C 
12 I INPUT B 
11 ] OUTPUT B 
10Q RECABC 
91 Vcc 



□ Telemetry Systems 

□ Terminals 

□ Peripheral Equipment 



BLOCK DIAGRAM 



REC CONTROL ABC ^- 



> 



\ 



INPUT B^>- 
L/R CONTROL ^>- 



a ii 




U 




;=*-♦ 



CLOCK 
GENERATOR 



OUTPUT B OUTPUT D 



CLOCK CLEAR 




-<_ INPUT C 




-<C RECIRC. INPUT D 
-< REC. CONTROL D 



-< INPUT D 
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General Description 

The SMC SR 5017 and SR 5018 are quad 133 (SR 5017) and quad 81 (SR 5018) bit static shift registers utilizing SMC's 
COPLAMOS® N channel silicon gate process. The COPLAMOS® process provides high speed operation, low power 
dissipation, low clock input capacitance, and requires only a single + 5 volt power supply. 

These shift registers can be driven by either T 2 L circuits or by MOS circuits and provide driving capability to MOS to T 2 L 
circuits. 

This device consists of four separate static shift registers with independent input and output terminals and logic for 
loading, recirculating or shifting information right or left. This shift left/shift right (L/R Control) control input is common to all 
registers. 

The recirculate control input is common for registers A, B, and C. Register D has an independent recirculate control input 
as well as a Recirculate Input. 

A Clear input has been provided that will cause the shift register to be cleared when the input is at Vcc. A single T 2 L clock 
input is required for operation. 

The transfer of data into the register is accomplished on the low-to-high transition of the clock with the recirculate control 
low. For long term data storage the clock may be stopped and held in either logic state. Recirculate occurs when the 
recirculate control is high. Output data appears on the low-to-high transition of the clock pulse. 

Bits 81 or 133 are available for flag storage. 

MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range 0°C to + 70°C 

Storage Temperature Range -55°Cto + 150°C 

Lead Temperature (soldering, 10 sec.) +325°C 

Positive Voltage on any Pin, with respect to ground .+8.0V 

Negative Voltage on any Pin, with respect to ground -0.3V 

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or at any other condition above those indicated in the operational sections of this 
specification is not implied. 

ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vcc=+5V±5%, unless otherwise noted) 



Parameter 


Min. 


Typ. 


Max. 


Unit 


Comments 


D.C. Characteristics 












INPUT VOLTAGE LEVELS 












Low Level, Vil 






0.8 


V 




High Level, Vih 


Vcc— 1.5 




Vcc 


V 




OUTPUT VOLTAGE LEVELS 












Low Level, Vol 






0.4 


V 


loL=1.6ma 


High Level, Voh 


Vcc— 1.5 


4.0 




V 


loH=100)tia 


INPUT LEAKAGE CURRENT 






1.0 


)J.B. 


Vin=Vcc 


CLOCK, CLEAR 






25 


pf 




All Other 






10 


pf 




POWER SUPPLY CURRENT 






100 


ma 




A.C. Characteristics 










Ta=+25°C 


CLOCK 












PWh 


300 






ns 




PWl 


600 






ns 




Transition, tr, tf 




0.02 


1.0 


/US 




Repetition Rate, 1/T 







1.0 


MHz 




1 Delay 


500 






ns 




INPUT DATA 












tD, set-up 


150 






ns 




tD, hold 


150 






ns 




PWd 


300 






ns 




OUTPUT DATA 












tD, ACC 




200 


350 


ns 




RECIRCULATE CONTROL 












tR, set-up 


200 






ns 




tR, hold 


300 






ns 




PWr 


500 






ns 




CLEAR 












PWCLEAR 


20 






)LlS 
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Timing Diagram 



k- 



/ v_H \ 



H 



;.j 



Input Data ■ 



PWd 
, set-up »4 r "j |» tD, hold 

/ \ 






Output Data ■ 



S 



tD.ACC I 



Recirculate 
Control 



y 



i-up-H k*i J --' 



Shift Left/Shift Right 
Control 




•Shift occurs on the positive clock edge. 



/■ 



TV 







Descript 


on of Pin Functions 


Symbol 


Name 


Pin 


Function 


D 


Input D 


1 


Input signal for D register. 


RID 


Recirculate 
Input D 


2 


Input signal which is the input to the D register when recirculate 
control D is high: RECD = 1 . 


Od 


Output D 


3 


Output signal for D register. 


CLR 


Clear 


4 


Input signal when high forces outputs to a low state immediately 
and clears all the registers. 


Oa 


Output A 


5 


Output signal for A register. 


L/RCON 


Shift Left/Shift 
Right Control 


6 


Input signal which is low for loading data and for shifting right. 
When L/R CON is high, the register will shift left. 


A 


Input A 


7 


Input signal which is either high or low depending on what word 
is to be loaded into shift register. 


CLK 


Clock Input 


8 


Input signal which is normally low and pulses high to shift data 
into the registers. The data is clocked in on low to high 
edge of clock. 


Vcc 


5 Volt 


9 


5 volt power supply. 


RECABC 


Recirculate 
ABC 


10 


Input signal when high disconnects inputs from registers and 
connects outputs to inputs, thus recirculating data. Recirculates 
only A, B, C outputs. 


Ob 


Output B 


11 


Output signal for B register. 


B 


Input B 


12 


Input signal for B register. 


C 


Input C 


13 


Input signal for C register. 


Oc 


Output C 


14 


Output signal for C register. 


GND 


GND 


15 


Ground. 


RECD 


Recirculate 
Control D 


16 


Input signal which is normally low and, when goes high, 
disconnects Input D to register and connects RECIRCULATE 
INPUT D to register. 
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Logic Diagram 




;Q from 3rd Stage 



/9th 

Stage 




80th 
Stage 




81st 
Stage 



APPLICATION 



Line Buffer for Bidirectional Matrix Printer . . . 80/132 characters per line 



INTERFACE 

OR 

MEMORY 



CLK 

f SR5017/SR 501 6 



CHARACTER 
GENERATOR 

ROMfs) 
SMC CG4100 

SERIES 



To Print Head 
Solenoid Drivers 



* SR5017/SR 5016 
CLK 



R ^r DATA ENTRY 

AND LOOP CONTROL 



LOGIC 



-<^_ From System Timir 



Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
^_^^^__^^_^__ ' devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 

We keep ahead of our compettOon so you can teep ahead of yours, at any time in order to improve design and supply the best product possible. 



STANDARD MICROSYSTEMS 
CORPORATION, 
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Keyboard Encoder 



Fart Number 


No. of Keys 


Modes 


Features 


Standard Fonts 
Suffix Description 


Power 
Supplies 


Package 


Page 


KR-2376 XX (3) 


88 


3 


2 Key Rollover 


-ST ASCII 


+5, -12 


40 DIP 


371-374 


KR-3600 XX (3 ^ 


90 


4 


2 Key or 

N Key Rollover 


-ST ASCII 
-STD ASCII 
-PRO Binary Sequential 


+5, -12 


40 DIP 


375-382 



(3) May be custom mask programmed 
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STANDARD MICROSYSTEMS 



CORPORATOR 



KR2376-XX 



Keyboard Encoder Read Only Memory 



FEATURES 

□ Outputs directly compatible with TTL/DTL or 
MOS logic arrays. 

□ External control provided for output polarity 
selection. 

□ External control provided for selection of odd 
or even parity. 

□ Two key roll-over operation. 

□ N-key lockout. 

□ Programmable coding with a single mask 
change. 

□ Self-contained oscillator circuit. 

□ Externally controlled delay network provided 
to eliminate the effect of contact bounce. 

□ One integrated circuit required for complete 
keyboard assembly. 

□ Static charge protection on all input and 
output terminals. 

□ Entire circuit protected by a layer of glass 
passivation. 



PIN CONFIGURATION 













W 




vcc [ 


1 40 


] Frequency Control A 


Frequency Control B £ 


2 39 


1™} 




Frequency Control C £ 


3 38 


:xi 




Shift Input £ 


4 37 


]X2 


Keyboard 


Control Input L~ 


5 36 


] X3 


f Matrix 


Parity Invert Input £ 


6 35 


JX4 


Outputs 


Parity Output £ 


7 34 


JX5 




Data Output B8 L" 


8 33 


]X6 




Data Output B7 £ 
Data Output B6 £ 




1 X7J 
1 YO^j 




10 




31 




Data Output B5 £ 


11 




30 


JY1 




Data Output B4 £ 
Data Output B3 £ 








] Y2 
] Y3 




13 28 




Data Output B2 £ 


14 27 


]Y4 


Keyboard 


Data Output B1 £ 


15 26 


DY5 


> Matrix 


Strobe Output £ 


16 25 


] Y6 


Inputs 


Ground £ 


17 24 


JY7 




VggC 


18 23 


] Y8 




Strobe Control Input £ 


19 22 


] Y9 




Data & Strobe £ 


20 21 


] Y10 




Invert Input 






PACKAGE: 40-Pin D.I.P. 





GENERAL DESCRIPTION 



The SMC KR2376-XX is a 2376-bit Read Only Memory 
with all the logic necessary to encode single pole 
single throw keyboard closures into a usable 9-bit 
code. Data and strobe outputs are directly compatible 
with TTL/DTL or MOS logic arrays without the use of 



any special interface components. 

The KR2376-XX is fabricated with low threshold, 
P-channel technology and contains 2942 P-channel 
enhancement mode transistors on a single monolithic 
chip, available in a 40 pin dual-in-line package. 



TYPICAL CONNECTION OF KR2376-XX 



Y0 Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8 Y9 Y10 




SHIFT INPUT 
CONTROL INPUT 



CONTROL INPUT 19 



f» 



Ti 



11 BIT COMPARATOR 



TTTTTTTTTTT 



11 STAGE RING COUNTER 



2376 BIT ROM 
I BIT x 88 KEYS x 3 MODE) 



STROBE OUTPUT — ' 
PARITY OUTPUT 



Fig.1 



B7 B6 B5 B4 B3 B2 B1 
DATA OUTPUTS 
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STAGE 

RING 

COUNTER 



88 SPST KEYBOARD SWITCHES 
YO,- _ Y1 



TYPICAL SWITCH 



R1 (680KO), C1 (.001/uf) provide approx. 1.5 ms delay 
(see figure 5) 

R2 (100Kn), C2 (50pf) provide 50KHZ clock frequency 
(see figure 6) 



MAXIMUM GUARANTEED RATINGSf 

Operating Temperature Range 0° C to +70° C 

Storage Temperature Range -65° C to +150° C 

GND and Vgg, with respect to Vcc -20V to +0.3V 

Logic Input Voltages, with respect to Vcc -20V to +0.3V 



t Stresses above those listed may cause permanent damage to the device. This is astress rating only 
and functional operation of the device at these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 



ELECTRICAL CHARACTERISTICS 

(Ta = 0° C to +70° C, Vcc = +5V ±0.5V, Vgg 



-12V ±1.0V, unless otherwise noted) 



Characteristics 



Min 



Typ 



Max 



Unit 



Conditions 



CLOCK 



DATA INPUT 








Logic "0" Level 






+0.8 


Logic "1" Level 


Vcc-1.5 






Input Capacitance 






10 


INPUT CURRENT 








*Control, Shift &Y0 








thru Y10 


10 


100 


140 


"Control, Shift &Y0 








thru Y10 


5 


30 


50 


Data Invert, Parity Invert 




.01 


1 


DATA OUTPUT & X OUTPUT 








Logic "0" Level 






+0.4 


Logic "1" Level 


Vcc-1.0 






POWER CONSUMPTION 




140 


200 



SWITCH CHARACTERISTICS 
Minimum Switch Closure 
Contact Closure Resistance 

between X1 and Y1 
Contact Open Resistance 

between X1 and Y1 



20 50 100 KHz see fig. 1 footnote (**) for typical 

R-C values 



V 
V 
Pf 



//A Vin = +5.0V 

fiA Vin = Ground 

/yA Vin = -5.0V to +5.0V 

V Iol = 1.6mA (see fig. 7) 

V Ioh = 100M 

mW Norn. Power Supp. Voltages 
(see fig. 8) 



see timing diagram-fig. 2 



300 Ohm 

1x10 7 Ohm 



*lnputs with Internal Resistor to Vgg 



DESCRIPTION OF OPERATION 



The KR2376-XX contains (see Fig. 1), a 2376-bit 
ROM, 8-stage and 11-stage ring counters, an 11-bit 
comparator, an oscillator circuit, an externally 
controllable delay network foreliminatingtheeffect 
of contact bounce, and TTL/DTL/MOS compatible 
output drivers. 

The ROM portion of the chip is a 264 by 9-bit 
memory arranged into three 88-word by 9-bit 
groups. The appropriate levels on the Shift and 
Control inputs selects one of the three 88-word 
groups; the 88-individual word locations are 
addressed by the two ring counters. Thus, the ROM 



address is formed by combining the Shift and 
Control Inputs with the two ring counters. 

The external outputs of the 8-stage ring counter 
and the external inputs to the 11-bit comparator are 
wired to the keyboard to form an X-Y matrix with the 
88-keyboard switches as the crosspoints. In the 
standby condition, when no key is depressed, the 
two ring counters are clocked and sequentially 
address the ROM; the absence of a Strobe Output 
indicates that the Data Outputs are 'not valid' at 
this time. 
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When a key is depressed, a single path is completed 
between one output of the 8-stage ring counter 
(XOthru X7) and one input of the 11-bit comparator 
(Y0-Y10).Afteranumberofclockcycles,acondition 
will occur where a level on the selected path to the 
comparator matches a level on the corresponding 
comparator input from the 11-stage ring counter. 
When this occurs, the comparator generates a 
signal to the clock control and to the Strobe Output 
(via the delay network). The clock control stops the 
clocks to the ring counters and the Data Outputs 



(B1-B9) stabilize with the selected 9-bit code, 
indicated by a 'valid' signal on the Strobe Output. 
The Data Outputs remain stable until the key is 
released. 

As an added feature two inputs are provided for 
external polarity control of the Data Outputs. Parity 
Invert (pin 6) provides polarity control of the Parity 
Output (pin 7) while the Data and Strobe Invert 
Input (pin 20) provides for polarity control of Data 
Outputs B1 thru B8 (pins 8 thru 15) and the Strobe 
Output (pin 16). 



SPECIAL PATTERNS 



Since the selected coding of each key is defined 
during the manufacture of the chip, the coding can 
be changed to fit any particular application of the 
keyboard. Up to 264 codes of up to 8 bits (plus one 
parity bit) can be programmed into the KR2376-XX 



ROM covering most popular codes such as ASC11, 
EBCDIC, Selectric, etc., as well as many specialized 
codes. The ASC11 code is available as a standard 
pattern. For special patterns, use Fig. 9. 



TIMING DIAGRAM 



SWITCH 
CLOSURE 



Y KEYBOARD 
MATRIX OUTPUT 



STROBE OUTPUT 



- MINIMUM SWITCH CLOSURE - 



SWITCH 
RELEASE 

o 



88 CLOCK CYCLES - 

t SWITCH 

BOUNCE 



:xriru 



STROBE 
DELAY " 



■ STROBE WIDTH 
SWITCH M 
BOUNCE \ 



LTLTL 



— *j .5//S U — 

_ DATA J 

VALID ~ 

MINIMUM SWITCH CLOSURE = SWITCH BOUNCE + (88 » Yi) + STROBE DELAY + STROBE WIDTH 

IS- 



MAXIMUM DETERMINED DETERMINED BY MINIMUM TIME 

EXPECTED BY FREQUENCY EXTERNAL RC REQUIRED BY 

OF OPERATION EXTERNAL 

(EXTERNAL RC) CIRCUITRY 



Fig. 2 



POWER SUPPLY CONNECTIONS FOR 
TTL/DTL OPERATION 



OUTPUT DRIVER & "X" OUTPUT STAGE 
TO KEYBOARD 



TTL/DTL 

LOGIC OR 

SMC LOW 

VOLTAGE 

MOS LOGIC 



TTL/DTL 
LOGIC OR 
SMC LOW 
VOLTAGE 
MOS LOGIC 




POWER SUPPLY CONNECTIONS FOR 
MOS OPERATION 



'Y" INPUT STAGE FROM KEYBOARD 



FROM HIGH OR 

LOW VOLTAGE 

MOS OR TTL/DTL 

REFERENCED 

TO-5V 





1 




I Gnd 

^GG ^ V c c ^ V G ND v 






INPUTS 


18 1 17 


OUTPUTS 











TO HIGH 
OR LOW 
VOLTAGE 
MOS 



KEYBOARD > 
INPUT 




Fig. 3 



STATIC CHARGE V cc C ° U „ T T ER 
PROTECTION DEVICE INPUT 

Fig. 4 
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,500pf 



STROBE 
DELAY 
VS. d 































R =680Kn 
T A = 25°C 




Nom 


Supp. Voltage 
1 



Fig. 5 



OSCILLATOR 

FREQUENCY 

VS. C 2 







R 

T. 


1 
= 100KD 
= 25°C 




\ Nom. Supp. Voltage 

































20 40 60 80 100 
FREQUENCY - KHz 

Fig. 6 



TYR OUTPUT 

ON RESISTANCE 

VS. GATE 

BIAS VOLTAGE 





■d = 


100/jA 














&>/ 

























30 25 20 15 
V os - Volts 



Fig. 7 



TYP. POWER 

CONSUMPTION 

VS. TEMPERATURE 







I 

Nom. S 
I V 


upp. 

cc = 


I 

Voltage 
+5V 








V 


GO = 


-12V 

































10 20 30 40 50 60 70 
TEMPERATURE - °C 



Fig. 8 



CODE ASSIGNMENT CHART 

KR2376-ST 

8 Bit ASCII, odd parity 




Fig. 9 



NSC 

I I I 
1 I I 



B1 B2 B3 B4 B5 B6 B7 t 



12 3 4 5 



'P 

7 8 9 



NORMAL 
• SHIFT 
' CONTROL 



DATA (B1-B8) INVERT 
TRUTH TABLE 

DATA & STROBE CODE- DATA 

INVERT INPUT ASSIGNMENT OUTPUTS 
(Pin 20) CHART (B1-B8) 



STROBE INVERT 
TRUTH TABLE 

DATA & STROBE STROBE 

INVERT INPUT INTERNAL OUTPUT 

(Pin 20) STROBE (Pin 16) 



PARITY INVERT 
TRUTH TABLE 

PARITY CODE PARITY 

INVERT INPUT ASSIGNMENT OUTPUT 
(Pin 6) CHART (Pin 7) 



MODE SELECTION 

S C = N 
S C = S 
3 C = C 
S C = INVALID (SPURIOUS DATA) 



(Code representative of key depression at 
location X0-Y9 and proper mode selection) 



N = Normal Mode 

S = Shift Mode 

C = Control Mode 

■ = Output Logic "1" (see data B1-I 

Logic "1" = +5.0V 

Logic "0" = Ground 
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STANDARD MICROSYSTEMS 



CORPORATION 



KR3600-XX 
KR3600-ST 
KR3600-STD 
KR3600-PRO 



Keyboard Encoder Read Only Memory 



FEATURES 

■ Data output directly compatible with TTL 

■ N Key rollover or lockout operation 

■ Quad mode 

■ Lockout/ rollover selection externally selected as option 

■ On chip-master/slave oscillator 

■ All 10 output bits available 

■ Fully buffered data outputs 

■ Output enable provided as option 

■ Data compliment control provided as option 

■ Pulse or level data ready output signal provided as an option 

■ Any key down output provided as an option 

■ Contact bounce circuit provided to eliminate contact bounce 

■ Static charge protection on all input/outputs 

■ Pin for Pin replacement for Gl AY-5-3600 



GENERAL DESCRIPTION 

The SMC Microsystems KR3600-XX is a Keyboard Encoder 
containing a 3600 bit read only memory and all the logic 
necessary to encode single pole single throw keyboard 
closures into a 10 bit code. 

The KR3600-XX is fabricated with a low voltage p channel 
technology and contains the equivalent of 5000 transistors on a 
monolithic chip in a 40 lead dip ceramic package. 

Y Y Y Y Y Y y Y Y Y BLOCK DIAGRAM 

'0 *l Y 2 Y J '4 'S '6 T T T » T » 



PIN CONFIGURATION 



See 

"Pin q 
Assignment 
Chart" 



Function 

Option 

Option 

Option 

Option 

Option 

Data Output B9 

Data Output B8 

Data Output B7 

Data Output B6 

Data Output B5 

Data Output B4 

Data Output B3 

Data Output B2 

Data Output B1 

V DD 

Data Ready 

Yo 

Yi 

Y2 
Y3 




PACKAGE: 40-Pin D.I.R 



'^r 



* * * * * 



IO BIT COMPARATOR 



m ! t 1 1 m 



MASTER/ 

SLAVE 

OSCILLATOR 



-f-^-VvV-U 



ENCODED 

KEY 
MEMORY 



3600 BIT ROM 
(10 BIT X tO KlYJ X 4 MODCI 



OUTPUT DATA BUFFER 



->0ATA READY 



9 STAGE 

RING 
COUNTER 



-+*- 



T 



■STROBE 0ELAY 



TTL/DTL/MOS 

COMPATABLE 

OUTPUT DRIVERS 



-M- 



CHIP ENABLE (OPTION) 
LOCKOUT/ ROLLOVER (OPTION) 



BIO B9 BB BT BGBS B4 B3 B2 Bl 
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NOTE: REFER TO FIG. I FOR OPTION PIN SELECTION. 

*RI (IOOKA). CI (4SpF) PROVIDES APPROX. SOKH2 CLOCK FREO. 
• »C2 (SOOnS DELAY/ CPF) R2 SUPPLIED INTERNALLY. 
• ••DIODES NECESSARY FOR COMPLETE nKEY ROLLOVER OPERATION. 



DESCRIPTION OF OPERATION 

The KR3600 contains a 3600 bit ROM, 9-stage and 10-stage ring counters, a 10 bit comparator, timing 
circuitry, a 90 bit memory to store the location of encoded keys for n key rollover operation, an externally controllable 
delay network for eliminating the effect of contact bounce, an output data buffer, and TTL/DTL/MOS compatible 
output drivers. 

The ROM portion of the chip is a 360 by 10 bit memory arranged into four 90-word by 10-bit groups. The 
appropriate levels on the Shift and Control Inputs selects one of the four 90-word groups; the 90-individual word 
locations are addressed by the two ring counters. Thus, the ROM address is formed by combining the Shift and Control 
Inputs with the two ring counters. 

The external outputs of the 9-stage ring counter and the external inputs to the 10-bit comparator are wired to 
the keyboard to form an X-Y matrix with the 90-keyboard switches as the crosspoints. In the standby conditions, when 
no key is depressed, the two ring counters are clocked and sequentially address the ROM, thereby scanning the key 
switches for key closures. 

When a key is depressed, a single path is completed between one output of the 9-stage ring counter (X0 thru 
X8) and one input of the 10-bit comparator (Y -Y 9 ). After a number of clock cycles, a condition will occur where a 
level on the selected path to the comparator matches a level on the corresponding comparator input from the 
10-stage ring counter. 

N KEY ROLLOVER — When a match occurs, and the key has not been encoded, the switch bounce delay network 
is enabled. If the key is still depressed at the end of the selected delay time, the code for the depressed key is transferred 
to the output data buffer, the data ready signal appears, a one is stored in the encoded key memory and the scan 
sequence is resumed. If a match occurs at another key location, the sequence is repeated thus encoding the next key. 
If the match occurs for an already encoded key, the match is not recognized. The code of the last key encoded 
remains in the output data buffer. 

N KEY LOCKOUT — When a match occurs, the delay network is enabled. If the key is still depressed at the end of 
the selected delay time, the code for the depressed key is transferred to the output data buffer, the data ready signal 
appears and the remaining keys are locked out by halting the scan sequence. The scan sequence is resumed upon 
key release. The output data buffer stores the code of the last key encoded. 

SPECIAL PATTERNS — Since the selected coding of each key and all the options are defined during the 
manufacture of the chip, the coding and options can be changed to fit any particular application of the keyboard. Up 
to 360 codes of up to 10 bits can be programmed into the KR3600 ROM covering most popular codes such as ASCII, 
EBCDIC, Selectric, etc., as well as many specialized codes. 



Pin1 



Pin 2 



Pin 3 



Pin 4 



Pin 5 



Internal 
Clock 



CUSTOM CODING INFORMATION 

The custom coding information for SMC's 

3600 Bit Keyboard Encoder ROM should 

be transmitted to SMC. The Truth Table 

should be completed on the format supplied. 

LEGEND 

CC = Complement Control 
AKO = Any Key Down Output 
B10 = B10 (Data) Output 
LO/RO = Lockout/Rollover 
CE = Chip Enable 
Internal Clock = Self Contained Oscillator 
External Clock = External Frequency Source 



■LO/RO 



CC- 



CE- 



External 
Clock 



•AKO- 



■CC 

■CE 

■AKO 

■B10 

■CE 

■ AKO 
•B10 
■AKO 
•B10 

■ B10 



-LO/RO- 



CC 



CE 



Pin1 



-CC- 
Pin2 



CE 
CE 



AKO 

B10 

• AKO B10 

■AKO B10 

■AKO B10 



Pin 3 



Pin 4 



Pin 5 



OPTION SELECTION/PIN ASSIGNMENT 
FIGURE 1 
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MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range 0°C to +70°C 

Storage Temperature Range — 55°C to +150°C 

Lead Temperature (soldering, 10 sec.) +325°C 

Positive Voltage on any Pin, V cc +0.3 V 

Negative Voltage on any Pin, V cc —25 V 

'Stresses above those listed may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or any other condition above those indicated in the 
operational sections of this specification is not implied. 

ELECTRICAL CHARACTERISTICS 

(T A = 0°C to 70°C, V cc = + 5V ±5% , V GG = -1 2V ±1 .0V, V DD = GND, unless otherwise noted) 



Characteristics 


Min 


Typ** 


Max 


Units 


Conditions 


Clock Frequency 


10 


50 


100 


KHz 


See Block diagram footnote* 
for typical R-C values 


External Clock Width 


7 


- 


- 


p.S 




Data & Clock Input 












(Shift, Control, 












Compliment Control, 












Lockout/Rollover, 












Chip Enable 












& External Clock) 












Logic "0" Level 


Vgg 


— 


+ 0.8 


V 




Logic "1" Level 


Vcc-1.5 


— 


Vcc + 0.3 


V 




Shifts Control Input 












Current 


75 


150 


220 


/xA 


V, N =+5V 


X Output (X -X 8 ) 












Logic "1" Output Current 


40 


250 


500 


nA 


Vojr = Vcc(SeeNote2) 




600 


1300 


4000 


fiA 


V JT = Vcc-1 .3V 




900 


2000 


6500 


»A 


Vout = Vcc-2.0V 




1500 


2000 


14,000 


tiA 


Vout = Vcc-5V 




3000 


10,000 


23,000 


mA 


V 0UT = Vcc-1 0V 


Logic "0" Output Current 


8 


30 


60 


M 


VoUT = Vcc 




6 


25 


50 


/xA 


VoUT = Vcc-1 .3V 




5 


20 


45 


fiA 


Vout = V cc -2.0V 




2 


10 


30 


nA 


Vojt = Vcc-5V 




- 


0.5 


5 


,* 


V 'JT = Vcc-1 0V 


Y Input (Y -Y 9 ) 












Trip Level 


Vcc-5 


Vcc-3 


Vcc-2 


V 


Y Input Going Positive (See Note 2) 


Hysteresis 


0.5 


0.9 


1.4 


V 


(See Note 1) 


Selected Y Input Current 


18 


100 


170 


MA 


V lN = Vcc 




14 


80 


150 


/xA 


V lN = Vcc-1. 3V 




13 


50 


130 


nA 


V lN = Vcc-2.0V 




5 


40 


110 


tiA 


V IN = Vcc-4.0V 


Unselected Y Input Current 


9 


40 


80 


M 


V IN = V CC 




7 


30 


70 


fiA 


V, N = Vcc-1. 3V 




6 


25 


60 


AiA 


V,n = Vcc-2.0V 




3 


15 


40 


/iA 


V, N = Vcc-5V 




- 


0.5 


20 


/.A 


V, N = Vcc-10V 


Input Capacitance 


- 


3 


10 


pF 


atOV(AII Inputs) 


Switch Characteristics 












Minimum Switch Closure 


_ 


_ 


_ 


_ 


See Timing Diagram 


Contact Closure 












Resistance 


_ 


_ 


300 


a 


Zee 




1 x10? 


— 


— 


a 


Zco 


Strobe Delay 












Trip Level (Pin 31) 


Vcc-4 


Vcc-3 


Vcc-2 


V 




Hysteresis 


0.5 


0.9 


1.4 


V 


(See Note 1) 


Quiescent Voltage (Pin 31) 


-3 


-5 


-9 


V 


With Internal Switched Resistor 


Data Output (B1-B10), 












Any Key Down Output, 












Data Ready 












Logic "0" 


_ 


— 


0.4 


V 


loL = 1.6mA 


Logic "1" 


Vcc-1 


— 


— 


V 


Ioh = 1.0mA 




Vcc-2 


— 


— 


V 


l H = 2.2m A 


Power 












Ice 


_ 


12 


25 


mA 


Vcc=+5V 


Iss 


- 


12 


25 


mA 


V SG = -12V 



**Typical values are at +25°C and nominal voltages. 

NOTE 

1. Hysteresis is defined as the amount of return required to unlatch an input. 

2. Precharge of X outputs and Y inputs occurs during each scanned clock cycle. 
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SWITCH 
CLOSURE 



SWITCH 
RELEASE 



TIMING DIAGRAM 



KEY 
CLOSURE 



DATA READY 
STROBE 



DATA 
OUTPUT 



"LTLTU 



MINIMUM SWITCH CLOSURE 
-H U- 90 CLOCK CYCLES 



SWITCH . 
BOUNCE 



STROBE 
DELAY 



1 



DOWN r 
OUTPUT 



FOUR 
CLOCK 
CYCLES 



M 



RESUME SCAN FOR- 
n KEY ROLLOVER 



LEVEL 
PULSE 



n KEY 
ROLLOVER 



[RESETS AT FIRST Xo 
AFTER FIRST X| Yi 



-RESUME SCAN FOR 
n KEY LOCKOUT 



1 



MINIMUM SWITCH CLOSURE ■ SWITCH BOUNCE + (90X-J-) + STROBE DELAY + STROBE WIDTH 

1 I 

MAXIMUM DETERMINED BY 

EXPECTED ^ EXTERNAL C 

DETERMINED MINIMUM TIME 

BY FREQUENCY REQUIRED BY 

OF OPERATION EXTERNAL 

(EXTERNAL RC) CIRCUITRY 



•Y" INPUT STAGE FROM KEYBOARD 

Vqg 




"X" OUTPUT STAGE TO KEYBOARD 

VGG 



COUNTER v, . I 
INPUT ^| 




NOTE: Output driver capable of driving one 
TTL load with no external resistor. 
Capable of driving two TTL loads using 
an external 6.8Kf2 resistor to V GG 



« > OUTPUT 



T -v STATIC 
\CHARGE 
PROTECTION 
DEVICE 



>T0 KEYBOARD 



STROBE DELAY vs. C 2 



.1)33 




























.005 




































T A = 25° 
NOMIN/ 
DELAY = 


C 

UVOLTAC 
300nSEC 


5E 
/CpF 


























DELAY (mS) 
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OSCILLATOR FREQUENCY vs. C 

200 



180 
160 
140 

w 120 
u 

< 100 







R = 100KO 
T« = 25°C 








NOMINAL SUPPLV 
VOLTAGE 





















































































FREQUENCY (KHz) 



KR3600-STD 





Normal 


Shift 


Control 


Shllt Control 


XY 


B-12345678910 


B-12345678910 


B-12345678910 


B-12345678910 


00 


1 1000111001 


< 0011111001 


1 1000111011 


SUB 0101100001 


01 


q 1000110101 


Q 1000100101 


q 1000111111 


DLE 0000100001 


02 


a 1000010101 


A 1000000101 


a 1000011111 


@ 0000000101 


03 


2 0101110101 


Z 0101100101 


z 0101111111 


P 0000100101 


04 


HT 1001000001 


HT 1001000001 


HT 1001000001 


I 1001000101 


05 


H 0001000101 


H 0001000101 


H 0001000101 


H 0001000111 


06 


+ 1101011001 


+ 1101011001 


+ 1101011001 


+ 1101011011 


07 


SO 0111001001 


> 0111111001 


SO 0111000001 


SO 0111000011 


08 


p 0000110101 


@ 0000000101 


NUL 0000000001 


NUL 0000000001 


09 


1 1000111001 


! 1000011001 


SOH 1000000001 


SOH 1000000001 


10 


2 0100111001 


@ 0000000101 


2 0100111011 


ETB 1110100001 


11 


w 1110110101 


W 1110100101 


w 1110111111 


A 0011100101 


12 


s 1100110101 


S 1100100101 


s 1100111111 


A 1000000101 


13 


x 0001110101 


X 0001100101 


x 0001111111 


Q 1000100101 


14 


RS 0111100001 


RS 0111100001 


RS 0111100001 


FS 0011100001 


15 


% 1010011001 


% 1010011001 


% 1010011001 


% 1010011011 


16 


m 1011010101 


] 1011100101 


CR 1011000001 


CR 1011000001 


17 


SI 1111000001 


SI 1111000001 


SI 1111000001 


SI 1111000011 


18 


n 0111010101 


A 0111100101 


SO 0111000001 


SO 0111000001 


19 


2 0100111001 


" 0100011001 


STX 0100000001 


STX 0100000001 


20 


3 1100111001 


# 1100011001 


3 1100111011 


NAK 1010100001 


21 


e 1010010101 


E 1010000101 


e 1010011111 


DC3 1100100001 


22 


d 0010010101 


D 0010000101 


d 0010011111 


B 0100000101 


23 


c 1100010101 


C 1100000101 


c 1100011111 


R 0100100101 


24 


— 1111100100 


- 1111100100 


— 1111100100 


A 0111100100 


25 


$ 0010011001 


$ 0010011001 


$ 0010011001 


$ 0010011011 


26 


L 0011000101 


L 0011000101 


L 0011000101 


L 0011000111 


27 


US 1111100001 


US 1111100001 


US 1111100001 


US 1111100011 


28 


6 0110111001 


& 0110011001 


ACK 0110000001 


ACK 0110000001 


29 


k 1101010101 


[ 1101100101 


DEL 1111111101 


DEL 1111111101 


30 


4 0010111001 


$ 0010011001 


4 0010111011 


DC4 0010100001 


31 


r 0100110101 


R 0100100101 


r 0100111111 


ENQ 1010000001 


32 


f 0110010101 


F 0110000101 


f 0110011111 


C 1100000101 


33 


SP 0000011000 


SP 0000011000 


SP 0000011000 


SP 0000011000 


34 


CAN 0001101000 


( 0001011000 


CAN 0001100000 


BS 0001000000 


35 


CR 1011000001 


CR 1011000001 


CR 1011000001 


M 1011000101 


36 


[ 1101111101 


[ 1101111101 


[ 1101111111 


K 1101000101 


37 


VT 1101000000 


VT 1101000000 


VT 1101000000 


VT 1101000010 


38 


7 1110111001 


' 1110011001 


BEL 1110000001 


BEL 1110000001 


39 


" 0100011001 


" 0100011001 


" 0100011001 


" 0100011011 


40 


5 1010111001 


% 1010011001 


5 1010111011 


STX 0100000001 


41 


t 0010110101 


T 0010100101 


t 0010111111 


EOT 0010000001 


42 


g 1110010101 


g 1110000101 


G 1110011111 


D 0010000101 


43 


v 0110110101 


V 0110100101 


v 0110111111 


S 1100100101 


44 


ETX 1100000001 


ETX 1100000001 


ETX 1100000001 


ETX 1100000001 


45 


] 1011111101 


] 1011111101 


] 1011111111 


N 0111000101 


46 


? 1111111001 


? 1111111001 


? 1111111011 


[ 1101100101 


47 


— 1011011001 


— 1011111001 


— 1011011001 


— 1011011011 


48 


) 1001011001 


) 1001011001 


) 1001011001 


) 1001011011 


49 


SP 0000011001 


SP 0000011001 


SP 0000011001 


SP 0000011011 


50 


6 0110111001 


> 0111111001 


6 0110111011 


SOH 1000000001 


51 


y 1001110101 


Y 1001100101 


y 1001111111 


DC1 1000100001 


52 


h 0001010101 


H 0001000101 


h 0001011111 


E 1010000101 


53 


b 0100010101 


B 0100000101 


b 0100011111 


T 0010100101 


54 


: 0101111001 


• 0101011001 


: 0101111011 


SYN 0110100001 


55 


> 0111111001 


> 0111111001 


> 0111111011 


Z 0101100101 


56 


; 1101111001 


+ 1101011001 


; 1101111011 


Y 1001100101 


57 


NUL 0000000001 


NUL 0000000001 


NUL 0000000001 


NUL 0000000001 


58 


* 0101011001 


• 0101011001 


* 0101011001 


• 0101011011 


59 


! 1000011001 


! 1000011001 


! 1000011001 


! 1000011011 


60 


7 1110111001 


& 0110011001 


7 1110111011 


ETX 1100000001 


61 


u 1010110101 


U 1010100101 


u 1010111111 


BEL 1110000001 


62 


j 0101010101 


J 0101000101 


j 0101011111 


F 0110000101 


63 


n 0111010101 


N 0111000101 


n 0111011111 


U 1010100101 


64 


= 1011111000 


= 1011111000 


= 1011111010 


- 0111111100 


65 


< 0011111001 


< 0011111001 


< 0011111011 


W 1110100101 


66 


p 0000110101 


P 0000100101 


p 0000111111 


J 0101000101 


67 


0000111001 


) 1001011001 


0000111011 


DC2 0100100001 


68 


& 0110011001 


& 0110011001 


& 0110011001 


& 0110011011 


69 


# 1100011001 


# 1100011001 


# 1100011001 


# 1100011011 


70 


8 0001111001 


• 0101011001 


8 0001111011 


ESC 1101100001 


71 


i 1001010101 


I 1001000101 


i 1001011111 


ACK 0110000001 


72 


k 1101010101 


K 1101000101 


k 1101011111 


G 1110000101 


73 


m 1011010101 


M 1011000101 


m 1011011111 


V 0110100101 


74 


/ 1111011001 


? 1111111001 


/ 1111011001 


' 1110011001 


75 


' 1110011001 


" 0100011001 


' 1110011001 


" 0100011001 


76 


LF 0101000000 


LF 0101000000 


LF 0101000000 


GS 1011100000 


77 


= 1011111001 


+ 1101011001 


= 1011111001 


+ 1101011001 


78 


FF 0011001001 


< 0011111001 


FF 0011000001 


FF 0011000011 


79 


( 0001011001 


( 0001011001 


( 0001011001 


( 0001011011 


80 


9 1001111001 


( 0001011001 


9 1001111011 


EM 1001100001 


81 


o 1111010101 


1111000101 


o 1111011111 


] 1011100101 


82 


I 0011010101 


L 0011000101 


I 0011011111 


X 0001100101 


83 


, 0011011001 


, 0011011001 


, 0011011001 


, 0011011011 


84 


. 0111011001 


. 0111011001 


. 0111011001 


. 0111011011 


85 


; 1101111001 


: 0101111001 


; 1101111001 


: 0101111001 


86 


] 1011100101 


[ 1101100101 


] 1011100101 


[ 1101100101 


87 


- 1011011001 


— 1111100101 


- 1011011001 


— 1111100101 


88 


0000111001 


0000111001 


0000111001 


0000111001 


89 


9 1001111001 


) 1001011001 


HT 1001000001 


HT 1001000001 



Options: 

Internal oscillator (pins 1, 2, 3) 

Any key down (pin 4) positive output 

N key rollover only 



Pulse data ready signal 

Internal resistor to Vdd on shift and control pins 

KR3600-STD outputs provides ASC 1 1 bits 1-6 on B1-B6, and bit 7 on B8 
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KR 3600-ST 





Normal 


Shift 




Control 


Shift/Control 


XY 


B -123456789 


B-1 23456789 


B 


-123456789 


B-1 23456789 


00 


\ 000001101 


~ 011111101 


NUL 000000001 


RS 011110001 


01 


= 101111010 


+ 110101001 


GS 


101110001 


VT 110100010 


02 


DC3 110010010 


DC3 110010010 


DC3 


110010010 


DC3 110010010 


03 


— 101101001 


— 111110101 


CR 


101100010 


US 111110010 


04 


BS 000100010 


BS 000100010 


BS 


000100010 


BS 000100010 


05 


000011001 


000011001 





000011001 


000011001 


06 


• 011101001 


• 011101001 


• 


011101001 


• 011101001 


07 


000000000 


000000000 




000000000 


000000000 


08 


000000000 


000000000 




000000000 


000000000 


09 


000000000 


000000000 




000000000 


000000000 


10 


/ 111101010 


? 111111001 


ST 


111100001 


US 111110010 


11 


• 011101001 


> 011111010 


so 


011100010 


RS 011110001 


12 


? 001101010 


< 001111001 


FF 


001100001 


FS 001110010 


13 


m 101101110 


M 101100101 


CR 


101100010 


CR 101100010 


14 


n 011101110 


N 011100101 


so 


011100010 


SO 011100010 


15 


b 010001110 


B 010000101 


STX 


010000010 


STX 010000010 


16 


v 011011110 


V 011010101 


SYN 


011010010 


SYN 011010010 


17 


c 110001101 


C 110000110 


ETX 


110000001 


ETX 110000001 


18 


x 000111101 


X 000110110 


CAN 


000110001 


CAN 000110001 


19 


z 010111110 


Z 010110101 


SUB 


010110010 


SUB 010110010 


20 


LF 010100001 


LF 010100001 


LF 


010100001 


LF 010100001 


21 


\ 001110101 


: oommo 


FS 


001110010 


FS 001110010 


22 


DEL 111111110 


DEL 111111110 


DEL 


111111110 


DEL 111111110 


23 


[ 110110110 


] 101110110 


ESC 


110110001 


GS 101110001 


24 


7 111011010 


7 111011010 


7 


111011010 


7 111011010 


25 


8 000111010 


8 000111010 


8 


000111010 


8 000111010 


26 


9 100111001 


9 100111001 


9 


100111001 


9 100111001 


27 


000000000 


000000000 




000000000 


000000000 


28 


000000000 


000000000 




000000000 


000000000 


29 


000000000 


000000000 




000000000 


000000000 


30 


; 110111010 


: 010111001 


ESC 


110110001 


SUB 010110010 


31 


I 001101101 


L 001100110 


FF 


001100001 


FF 001100001 


32 


k 110101110 


K 110100101 


VT 


110100010 


VT 110100010 


33 


j 010101101 


J 010100110 


LF 


010100001 


LF 010100001 


34 


h 000101110 


H 000100101 


BS 


000100010 


BS 000100010 


35 


g 111001110 


G 111000101 


BEL 


111000010 


BEL 111000010 


36 


f 011001101 


F 011000110 


ACK 


011000001 


ACK 011000001 


37 


d 001001110 


D 001000101 


EOT 001000010 


EOT 001000010 


38 


s 110011110 


S 110010101 


DC3 


110010010 


DC3 110010010 


39 


a 100001110 


A 100000101 


SOH 


100000010 


SOH 100000010 


40 


000000000 


000000000 




000000000 


000000000 


41 


( 110111101 


) 101111101 


ESC 


110110001 


GS 101110001 


42 


GR 101100010 


GR 101100010 


GR 


101100010 


GR 101100010 


43 


' 111001001 


" 010001001 


BEL 


111000010 


STX 010000010 


44 


4 001011010 


4 001011010 


4 


001011010 


4 001011010 


45 


5 101011001 


5 101011001 


5 


101011001 


5 101011001 


46 


6 011011001 


6 011011001 


6 


011011001 


6 011011001 


47 


000000000 


000000000 




000000000 


000000000 


48 


000000000 


000000000 




000000000 


000000000 


49 


000000000 


000000000 




000000000 


000000000 


50 


p 000011110 


P 000010101 


DEL 000010010 


DEL 000010010 


51 


o 111101101 


O 111100110 


SI 


111100001 


SI 111100001 


52 


i 100101101 


I 100100110 


HT 


100100001 


HT 100100001 


53 


u 101011110 


U 101010101 


NAK 


101010010 


NAK 101010010 


54 


y 100111110 


Y 100110101 


EM 


100110010 


EM 100110010 


55 


t 001011101 


T 001010110 


DC4 


001010001 


DC4 001010001 


56 


r 010011101 


R 010010110 


DC2 


010010001 


DC2 010010001 


57 


e 101001101 


E 101000110 


ENQ 


101000001 


ENQ 101000001 


58 


w 111011101 


W 111010110 


ETB 


111010001 


ETB 111010001 


59 


q 100011101 


Q 100010110 


DC1 


100010001 


DC1 100010001 


60 


000000000 


000000000 




000000000 


000000000 


61 


000000000 


000000000 




000000000 


000000000 


62 


DC2 010010001 


DC2 010010001 


DC2 


010010001 


DC2 010010001 


63 


000000000 


000000000 




000000000 


000000000 


64 


1 100011010 


1 100011010 


1 


100011010 


1 100011010 


65 


2 010011010 


2 010011010 


2 


010011010 


2 010011010 


66 


3 110011001 


3 110011001 


3 


110011001 


3 110011001 


67 


000000000 


000000000 




000000000 


000000000 


68 


000000000 


000000000 




000000000 


000000000 


69 


000000000 


000000000 




000000000 


000000000 


70 


000011001 


) 100101010 


DLE 000010010 


HT 100100001 


71 


9 100111001 


( 000101001 


EM 


100110010 


BS 000100010 


72 


8 000111010 


* 010101010 


CAN 


000110001 


LF 010100001 


73 


7 111011010 


& 011001010 


ETB 


111010001 


ACK 011000001 


74 


6 011011001 


A 011110110 


SYN 


011010010 


RS 011110001 


75 


5 101011001 


% 101001010 


NAK 


101010010 


ENQ 101000001 


76 


4 001011010 


$ 001001001 


DC4 


001010001 


EOT 001000010 


77 


3 110011001 


# 110001010 


DC3 


110010010 


ETX 110000001 


78 


2 010011010 


@ 000000110 


DC2 


010010001 


NUL 000000001 


79 


1 100011010 


! 100001001 


DC1 


100010001 


SOH 100000010 


80 


000000000 


000000000 




000000000 


000000000 


81 


000000000 


000000000 




000000000 


000000000 


82 


000000000 


000000000 




000000000 


000000000 


83 


000000000 


000000000 




000000000 


000000000 


84 


000000000 


000000000 




000000000 


000000000 


85 


SP 000001010 


SP 000001010 


NUL 


000000001 


NUL 000000001 


86 


000000000 


000000000 




000000000 


000000000 


87 


DC1 100010001 


DC1 100010001 


DC1 


100010001 


DC1 100010001 


88 


HT 100100001 


HT 100100001 


HT 


100100001 


HT 100100001 


89 


ESC 110110001 


ESC 110110001 


ESC 


110110001 


ESC 110110001 



Options: Pin 1, 2, 3— Internal oscillator 

Pin 4— Lockout (logic 1), rollover (logic 0) 
Pin 5— Any key down output 



All outputs complemented 
Level data ready 
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KR 3600-PRO 



XY 


Normal 


Shift 


Control 


Shift/Control 


00 


000000000 


001000000 


010000000 


011000000 


01 


000000001 


001000001 


010000001 


011000001 


02 


000000010 


001000010 


010000010 


011000010 


03 


000000011 


001000011 


010000011 


011000011 


04 


000000100 


001000100 


010000100 


011000100 


05 


000000101 


001000101 


010000101 


011000101 


06 


000000110 


001000110 


010000110 


011000110 


07 


0000001 1 1 


001000111 


010000111 


011000111 


08 


000001000 


001001000 


010001000 


011001000 


09 


000001001 


001001001 


010001001 


011001001 


10 


000001010 


001001010 


010001010 


011001010 


11 


000001011 


001001011 


010001011 


011001011 


12 


000001100 


001001100 


010001100 


011001100 


13 


000001101 


001001101 


010001101 


011001101 


14 


000001110 


001001110 


010001110 


011001110 


15 


000001111 


001001111 


010001111 


011001111 


16 


000010000 


001010000 


010010000 


011010000 


17 


000010001 


001010001 


010010001 


011010001 


18 


000010010 


001010010 


010010010 


011010010 


19 


000010011 


001010011 


010010011 


011010011 


20 


000010100 


001010100 


010010100 


011010100 


21 


000010101 


001010101 


010010101 


011010101 


22 


000010110 


001010110 


010010110 


011010110 


23 


000010111 


001010111 


010010111 


011010111 


24 


000011000 


001011000 


010011000 


011011000 


25 


000011001 


001011001 


010011001 


011011001 


26 


000011010 


001011010 


010011010 


011011010 


27 


000011011 


001011011 


010011011 


011011011 


28 


000011100 


001011100 


010011100 


011011100 


29 


000011101 


001011101 


010011101 


011011101 


30 


000011110 


001011110 


010011110 


011011110 


31 


000011111 


001011111 


010011111 


011011111 


32 


000100000 


001100000 


010100000 


011100000 


33 


000100001 


001100001 


010100001 


011100001 


34 


000100010 


001100010 


010100010 


011100010 


35 


000100011 


001100011 


010100011 


011100011 


36 


000100100 


001100100 


010100100 


011100100 


37 


000100101 


001100101 


010100101 


011100101 


38 


000100110 


001100110 


010100110 


011100110 


39 


000100111 


001100111 


010100111 


011100111 


40 


000101000 


001101000 


010101000 


011101000 


41 


000101001 


001101001 


010101001 


011101001 


42 


000101010 


001101010 


010101010 


011101010 


43 


000101011 


001101011 


010101011 


011101011 


44 


000101100 


001101100 


010101100 


011101100 


45 


000101101 


001101101 


010101101 


011101101 


46 


000101110 


001101110 


010101110 


011101110 


47 


000101111 


001101111 


010101111 


011101111 


48 


000110000 


001110000 


010110000 


011110000 


49 


000110001 


001110001 


010110001 


011110001 


50 


000110010 


001110010 


010110010 


011110010 


51 


000110011 


001110011 


010110011 


011110011 


52 


000110100 


001110100 


010110100 


011110100 


53 


000110101 


001110101 


010110101 


011110101 


54 


000110110 


001110110 


010110110 


011110110 


55 


000110111 


001110111 


010110111 


011110111 


56 


000111000 


001111000 


010111000 


011111000 


57 


000111001 


001111001 


010111001 


011111001 


58 


000111010 


001111010 


010111010 


011111010 


59 


000111011 


001111011 


010111011 


011111011 


60 


000111100 


001111100 


010111100 


011111100 


61 


000111101 


001111101 


010111101 


011111101 


62 


000111110 


001111110 


010111110 


011111110 


63 


000111111 


001111111 


010111111 


011111111 


64 


100000000 


101000000 


110000000 


111000000 


65 


100000001 


101000001 


110000001 


111000001 


66 


100000010 


101000010 


110000010 


111000010 


67 


100000011 


101000011 


110000011 


111000011 


68 


100000100 


101000100 


110000100 


111000100 


69 


100000101 


101000101 


110000101 


111000101 


70 


100000110 


101000110 


110000110 


111000110 


71 


100000111 


101000111 


110000111 


111000111 


72 


100001000 


101001000 


110001000 


111001000 


73 


100001001 


101001001 


110001001 


111001001 


74 


100001010 


101001010 


110001010 


111001010 


75 


100001011 


101001011 


110001011 


111001011 


76 


100001100 


101001100 


110001100 


111001100 


77 


100001101 


101001101 


110001101 


111001101 


78 


100001110 


101001110 


110001110 


111001110 


79 


100001111 


101001111 


110001111 


111001111 


80 


100010000 


101010000 


110010000 


111010000 


81 


100010001 


101010001 


110010001 


111010001 


82 


100010010 


101010010 


110010010 


111010010 


83 


100010011 


101010011 


110010011 


111010011 


84 


100010100 


101010100 


110010100 


111010100 


85 


100010101 


101010-101 


110010101 


111010101 


86 


100010110 


101010110 


110010110 


111010110 


87 


100010111 


101010111 


110010111 


111010111 


88 


100011000 


101011000 


110011000 


111011000 


89 


100011001 


101011001 


110011001 


111011001 



Options: 

Internal oscillator (pins 1, 2, 3) 

Lockout/rollover (pin 4), with internal resistor to VDD 

Lockout is logic 1 



Any key down (pin 5), positive output 

Pulse data ready 

Internal resistor to VDD on shift & control pins 
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DESCRIPTION 



The KR3600 PRO isa MOS/LSI device intended tosimplify 
the interface of a microprocessor to a keyboard matrix. 
Like the other KR 3600 parts, the KR 3600 PRO contains all 
of the logic to de-bounce and encode keyswitch closures, 
while providing either a 2-key or N-key rollover. 



The output of the KR 3600 PRO is a simple binary code 
which may be converted to a standard information code 
by a PROM or directly by a microprocessor. This permits 
a user maximum flexibility of key layout with simple 
field programming. 



The code in the KR 3600 is shown in Table I. The format 
is simple: output bits. 9, 8, 7, 6, 5, 4 and 1 are a binary 
sequence. The count starts at X0, Y0 and increments 
through X0Y1, X0Y2...X8Y9. Bit 9 is the LSB; bit 1 is 
the MSB. 












1 


1 





1 


1 



Bits 2 and 3 indicate the mode as follows: 
Bit 2 Bit 3 

Normal 
Shift 
Control 
Shift Control 

For maximum ease of use and flexibility, an internal 
scanning oscillator is used, with pin selection of N-key 
lockout (also known as 2-key rollover) and N-key rollover. 
An "any-key-down" output is provided for such uses as 
repeat oscillator keying. 

Figure 1 shows a PROM-encoded 64 key, 4 mode applica- 
tion, usinga256x8 PROM, and Figure2afull90key,4mode 
application, utilizing a 512x8 PROM. 

If N-key rollover operation is desired, it is recommended 
that a diode be inserted in series with each switch asshown. 
This prevents "phantom" key closures from resulting if 
three or more keys are depressed simultaneously. 



FIGURE 1 

KR 3600 PRO TYPICAL APPLICATION 

64 KEY, 4 MODE 



It 
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FIGURE 2 

KR 3600 PRO TYPICAL APPLICATION 

90 KEY, 4 MODE 




STANDARD MICROSYSTEMS 
CORPORATION, 



' (516)273-3100 TWX-510-227-8898 

we keep ahead of our competition so you can keep ahead of yours. 



Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such i nformation does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION^ 




MPU 3870 

JJLPC FAMILY 



Single Chip 8-Bit Microcomputer 



FEATURES 

□ 2K bytes of mask programmable ROM memory 

□ 64 bytes of scratch pad RAM 

□ 32 bits (4 ports) TTL compatible I/O 

□ Programmable binary timer 

interval timer mode 

pulse width measurement mode 

event counter mode 

□ External Interrupt Input 

□ Crystal, LC, RC, or external time base options 

□ Low Power (275 mW typical) 



GENERAL DESCRIPTION 

The MPU3870 is a complete 8-bit microcomputer 
on a single MOS integrated circuit. The MPU3870 can 
execute a set of more than 70 instructions. The 
MPU3870 features 2K bytes of ROM, 64 bytes of 
scratch pad RAM, a programmable binary timer, and 
32 bits of I/O. 

The programmable binary timer operates by itself 



PIN CONFIGURATION 









XTL1 1 □ 


W 


H 40 V cc 


XTL2 2D 




H 39 RESET 


PO-0 3 C 




Z 38 EXT INT 


P0-1 4C 




13 37 P1-0 


PO-2 5C 




Z 36 P1-1 


PO-3 6C 




Z 35 P1-2 


STROBE 7C 




Z 34 P1-3 


P4-0 8 C 
P4-1 9C 








Z 33 P5-0 
Zl 32 P5-1 








P4-2 10 C 








Zl 31 P5-2 


P4-3 1 1 C 
P4-4 12 C 








Z 30 P5-3 
Z 29 P5-4 




P4-5 13 E 




Z 28 P5-5 


P4-6 14 C 




Z 27 P5-6 


P4-7 15 C 




Z 26 P5-7 


PO-7 16 C 




Z 25 PI-7 


PO-6 17C 




Z 24 PI-6 


PO-5 18 C 




Z 23 PI-5 


PO-4 19 C 




Z 22 PI-4 


GND20LZ 




Z 21 TEST 









in the interval timer mode or in conjunction with the 
external interrupt input in the pulse width measure- 
ment and the event counter modes of operation. Two 
sources of vectored, prioritized interrupt are provided 
with the binary timer and the external interrupt input. 
The user has the option of specifying one of four clock 
sources: crystal, LC, RC or external clock. 



MPU3870 BLOCK DIAGRAM 
Figure 1 XTl1 X tl2 
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I O PORTS 
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MPU 3870 
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REGISTERS, PORTS, 
AND MEMORY MAP 
Figure 2 



AUX DATA 
COUNTER 



DC1 
PCI U | 



SCRATCHPAD MEMORY 



SCRATCHPAD DEC 













I 




J 


-{ 
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7-*- 8 BITS-*- 



MAIN MEMORY 



MPU3870 MAIN MEMORY 

There are four address registers used to access main 
memory. These are the Program Counter (PO), the Stack 
Register (P), the Data Counter (DC), and the Auxiliary Data 
Counter (DC1). The Program Counter is used to address 
instructions or immediate operands. The Stack Register is 
used to save the contents of the Program Counter during 
an interrupt or subroutine call. Thus, the Stack Register 
contains the return address at which processing is to resume 
upon completion of the subroutine or interrupt routine. The 
Data Counter is used to address data tables. The register 
is auto-incrementing. Of the two data counters, only Data 
Counter (DC), can access the ROM. However, the XDC 
instruction allows the Data Counter and Auxiliary Data 
Counter to be exchanged. 



I/O PORTS 

The MPU3870 provides four, 8 bit bidirectional Input/Out- 
put ports. These are ports 0, 1 , 4, 5. In addition, the Interrupt 
Control Port is addressed as Port 6 and the binary timer is 
addressed as Port 7. The programming of Ports 6 and 7 
and the bidirectional I/O pin are covered in the 3870 Technical 
Manual. The schematic of an I/O pin and available output 
drive options are shown in Figure 4. 

An output ready strobe is associated with Port 4. This flag 
may be used to signal a peripheral device that the MPU3870 
has just completed an output of new data to Port 4. The 
strobe provides a single low pulse shortly after the output 
operation is completely fi nished, so either edge may be used 
to signal the peripheral. STROBE may also be used as an 
input strobe to Port 4 after completing the input operation. 
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MPU3870 CLOCKS 



The time base network used with the MPU3870 may be one 
of the four different types listed below. 

Crystal 

LC 

RC 

External Clock 



The type of network which is to be used with the MPU3870 
is to be specified at the time when mask ROM MPU3870 
devices are ordered. The time base specifications for 
each of the four modes are covered in the 3870 Technical 
Manual. 



MPU3870 ARCHITECTURE 

The basic functional elements of the MPU3870 are shown ough discussion of the architecture, instruction set, and other 
in Figure 1 . A programming model is shown in Figure 2. The features, 
user is referred to the 3870 Technical Manual for a thor- 



DESCRIPTION OF PIN FUNCTIONS 



PIN NO. 


NAME 


DESCRIPTION 


FUNCTION 


3-6,19-16 

37-34, 22-25 

8-15 

33-26 


PO-O-PO-7 
P1-0-P1-7 
P4-0-P4-7 
P5-0-P5-7 


I/O Port 
I/O Port 1 
I/O Port 4 
I/O Port 5 


PO-O through P0-7, P1 -0 through P1 -7, P4-0 through P4-7, and P5-0 through 
P5-7 are 32 lines which can be individually used as either TTL compatible 
inputs or as latched outputs. 


7 


STROBE 


Ready Strobe 


STROBE is a ready strobe associated with I/O Port 4. This output pin, which 
is normally high, provides a single low pulse after valid data is present on 
the P4-0 through P4-7 pins during an output instruction. 


38 


EXT INT 


External Interrupt 


EXT INT is the external interrupt input. Its active state is software 
programmable. This input is also used in conjunction with the timer for pulse 
width measurement and event counting. 


39 


RESET 


External Reset 


RESET may be used to externally reset the MK3870. When pulled low the 
MK3870 will reset. When then allowed to go high the MK3870 will begin 
program execution at program location H '000'. 


1,2 


XTL 1 , XTL 2 


Time Base 


XTL 1 and XTL 2 are the time base inputs to which a crystal, LC network, RC 
network, or an external single-phase clock may be connected. The time 
base network must be specified when ordering a mask ROM MK3870. The 
MK38P70 will operate with any of the four configurations. 


21 


TEST 


Test Line 


TEST is an input, used only in testing the MK3870. For normal circuit 
functionality this pin may be left unconnected, but it is recommended that 
TEST be grounded. 


40 


V cc 


Power Supply 


+ 5 volt supply pin 


20 


GND 


Ground 


Ground 



I/O PIN CONCEPTUAL DIAGRAM WITH OUTPUT 
BUFFER OPTIONS 



OUTPUT BUFFER OPTIONS 
(MASK PROGRAMMABLE) 




i 



_j 



Ports and 1 are Standard Output type only 

Ports 4 and 5 may both be any of the three output options (mask programmable bit by bit) 

The STR08E output is always configured similar to a Direct Drive Output except that it is capable of driving 3 TTL loads 

RESET and EXT INT may have standard 6K11 (typical) pull-up or may have no pull-up (mask programmable) 
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ELECTRICAL SPECIFICATIONS 
MPU3870 



OPERATING VOLTAGES AND TEMPERATURES 



Dash 


Operating 


Operating 


Number 


Voltage 


Temperature 


Suffix 


»cc 


T A 


—00 


+ 5V±10%* 


0°C-70°C 


—05 


+5V±5% 


0°C-70°C 


—10 


+ 5V±10%* 


-40°C- + 85°C 


—15 


+ 5V±5%* 


-40°C- + 85°C 



See Ordering Information for explanation of 
part numbers. 



ABSOLUTE MAXIMUM RATINGS* 

-00, -05 

Temperature UnderBias -20°C to +85°C 

Storage Temperature - 65°C to + 1 50°C 

Voltage on any Pin With Respect to Ground 

(Except open drain pins and TEST) - 1 .0V to + 7V 

Voltage on TEST with Respect to Ground -1.0V to +9V 

Voltage on Open Drain Pins With Respect to Ground - 1 .0V to + 13.5V 

Power Dissipation 1 .5W 

Power Dissipation by any one I/O pin 60mW 

Power Dissipation by all I/O pins 600mW 



■10, -15 



-50°Cto +100°C 
-65°Cto +150°C 

-1.0V to +7V 

-1.0V to +9V 

- 1. 0V to + 13.5V 

1.5W 

60mW 

600mW 



'Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other condition above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 



AC CHARCTERISTICS T A , V cc within specified operating range. I/O power dissipation elOOmW (Note 2) 



SIGNAL 


SYM 


PARAMETER 


-00, -05 


-10, -15 


UNIT 


NOTES 


MIN 


MAX 


MIN 


MAX 


XTL1 
XTL2 


to 


Timer Base Period, all clock modes 

External clock pulse width high 
External clock pulse width low 


250 

90 
100 


500 

400 
400 


250 

100 
110 


500 

390 
390 


ns 

ns 
ns 


4MHz-2MHz 


$ 


t* 


Internal $ clock 


2t 


2t 






WRITE 


t w 


Internal WRITE Clock period 


4t$ 
6t$ 


4t<& 
6t$ 




Short Cycle 
Long Cycle 


I/O 


tdl/O 


Output delay from internal 
WRITE clock 





100 





1200 


ns 


50pFplus 
one TTL load 


Ul/O 


Input setup time to intrenal 
WRITE clock 


1000 




1200 




ns 




STROBE 


M/O-s 


Output valid to STROBE delay 


3tcD 
-1000 


3t$ 
+ 250 


3td> 
-1200 


3t$ 
+ 300 


ns 


I/O load = 
50pF+1 TTL load 


tsL 


STROBE low time 


8t$ 
-250 


12t<& 
+ 250 


8t<E> 

-300 


12t$ 
+ 300 


ns 


STROBE load = 
50pF + 3TTL loads 


RESET 


'rh 


RESET hold time, low 


6t<D 
+ 750 




6t$ 
+ 1000 




ns 




tRPOC 


RESET hold time, low for 
power clear 


power 

supply 

rise 

time 

-0.1 




power 

supply 

rise 

time 

+ 15 




ms 




EXT INT 


t E H 


EXT INT hold time in active and 
inactive state 


6t<D 
+ 750 




6t$ 
+ 1000 




ns 


To trigger 
interrupt 


2t<t> 




2tO 




ns 


To trigger timer 
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DC CHARACTERISTICS T A , V cc within specified operating range I/O power dissipations 1 0OmW (Note 2) 



SYM 


PARAMETER 


-00, 


-05 


-10, 


-15 


UNIT 


CONDITIONS 


MIN 


MAX 


MIN 


MAX 


V, HEX 


External Clock input high level 


2.4 


5.8 


2.4 


5.8 


V 




v ILEX 


External Clock input low level 


-.3 


.6 


-.3 


.6 


V 




'|HEX 


External Clock input high current 




100 




130 


\xA 


V,H EX = V0 C C 


'ilex 


External Clock input low current 




-100 




-130 


\iA 


"lex = *SS 


"iHI/O 


Input high level, I/O pins 


2.0 


5.8 


2.0 


5.8 


V 


Standard pull-up 


2.0 


13.2 


2.0 


13.2 


V 


Open drain (1) 


V IHR 


Input high level, RESET 


2.0 


5.8 


2.2 


5.8 


V 


Standard pull-up 


2.0 


13.2 


2.2 


13.2 


V 


No Pull-up 


V IHE , 


Input high level, EXT INT 


2.0 


5.8 


2.2 


5.8 


V 


Standard pull-up 


2.0 


13.2 


2.2 


13.2 


V 


No Pull-up 


v IL 


Input low level 


-.3 


.8 


-.3 


.7 


V 


(1) 


l,L 


Input low current, all pins with 
standard pull-up resistor 




-1.6 




-1.9 


mA 


V IN = 0.4V 


L 


Input leakage current, open drain 
pins, and inputs with no pull-up resistor 




+ 10 
-5 




+ 18 
-8 


|xA 
(xA 


V IN = 13.2V 
V IN = 0.0V 


'oh 


Output high current pins 
with standard pull-up resistor 


-100 
-30 




-89 
-25 




|ulA 
|xA 


Voh = 2.4V 
V OH = 3.9V 


'oHDD 


Output high current, direct drive pins 


-100 
-1.5 


-8.5 


-80 
-1.3 


-11 


|i,A 
mA 
mA 


V h = 2.4V 
V 0H = 1.5V 
V OH = 0.7V 


'oHS 


STROBE Output High current 


-300 




-270 




fi.A 


V OL = 2.4V 


loL 


Output low current 


1.8 




1.65 




mA 


V OL = 0.4V 


'OLS 


STROBE Output Low current 


5.0 




4.5 




mA 


V OL = o.4V 


Ice 


Average Power Supply Current 




85 




110 


mA 


MK3870/20 
Outputs Open 



TIMER AC CHARACTERISTICS 

Definitions: 

Error = Indicated time value - actual time value 

tpsc = t* x Prescale Value 

Interval Timer Mode: 

Single interval error, free running (Note 3) ± 6t* 

Cumulative interval error, free running (Note 3) 

Error between two Timer reads (Note 2) ±(tpsc + t<t>) 

Start Timer to stop Timer error (Notes 1,4) +M>to - (tpsc + t*) 

Start Timer to read Timer error (Notes 1,2) -5t$ to - (tpsc + 7tO) 

Start Timer to interrupt request error (Notes 1,3) -2t$to -8t<& 

Load Timer to stop Timer error (Note 1) +t$to - (tpsc + 2t*) 

LoadTimertoreadTimererror(Notes1,2) -5t<J)±to - (tpsc + 8t<t>) 

Load Timer to interrupt request error (Notes 1,3) - 2t* to - 9t<l> 

Pulse Width Measurement Mode: 

Measurement accuracy (Note 4) +t4>to - (tpsc + 2t#) 

Minimum pulse width of EXT INT pin 2t<J> 

Event Counter Mode: 

Minimum active time of EXT INT pin 2t<t> 

Minimum inactive time of EXT INT pin 2t4> 

Notes: 

1 . All times which entail loading, starting, or stopping the Timer are referenced from the end of the last machine cycle of the OUT or OUTS 
instruction. 

2. All times which entail reading the Timer are referenced from the end of the last machine cycle of the IN or INS instruction. 

3. All times which entail the generation of an interrupt request are referenced from the start of the machine cycle in which the appropriate 
interrupt request latch is set. Additional time may elapse if the interrupt request occurs during a privileged or multicycle instruction. 

4. Error may be cumulative if operation is repetitively performed. 
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INPUT/OUTPUT AC TIMING 



INTERNAL 

WRITE 

CLOCK 

* CYCLE TIMING 
SHOWN FOR 
4MHz EXTERNAL 
CLOCK 



IN OR 
INS 

OPCODE 
FETCHED 



PORT ADDR. 
PLACED ON 
DATA BUS 



PORT DATA 
DRIVEN ON TO 
DATA BUS 



X 



A. INPUT ON PORT 4 OR 5 



-*- 'si/o-*- 



NEXT 
OP CODE 
FETCHED 



X 



CYCLE TIMING 

DEPENDS ON INSTRUCTION 



INTERNAL 

WRITE 

CLOCK 



/\ 



**' Hi 

OUT OR 
OUTS 
OPCODE 
FETCHED 



PORT ADDR. 
ON DATA 
BUS 



ACCUMULATOR 
CONTENTS 
ON DATA BUS 



STROBF 
(ACTIVE FOR PORT 4 ONLY) 



NEXT 

OPCODE 

FETCHED 



X 



l dl/0 



B. OUTPUT ON PORT 4 OR 5 



«l/OS 



CYCLE TIMING 
' DEPENDS ON INSTRUCTION 



FOR TWO WRITE 
CYCLES 



INTERNAL 

WRITE 

CLOCK 



/~ \ 2uS- f ~ \ 2MS- / ~ \ 2 » S ' r 



INSO, 1 
FETCHED 



PORT 
DATA ON 
BUS 



>zzx 



tsi/o 



NEXT 

OPCODE 

FETCHED 



r \ 2p S - r\ 2ms- r \ 



OUTS 0, 1 
FETCHED 



ACC DATA 
ON BUS 



2/uS* 



NEXT 

OPCODE 

FETCHED 



x: 



C. INPUT ON PORTO OR 1 



D. OUTPUT ON PORT 0. 1 
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AC TIMING DIAGRAM 



External Clock 



Internal 4> Clock 



I/O Port Output 



STROBE 



RESET 



EXT INT 



*0(EX) 



:x 



r 



'EX(H) 



\ 



^EXfL) 



^—f \_^ V 



\ 



VO-s 



\ 



/ 



•* l RH *■ 



ICP BIT 2 



\ 



f 



-* l EH »- 



Note: All measurements are referenced to V|(_ max., V||_| min., Vqj_ max., or Vq(-| min. 



STROBE SOURCE CAPABILITY 

(TYPICAL AT V cc = 5V, T A = 25°C) 




OUTPUT VOLTAGE 



STROBE SINK CAPABILITY 

(TYPICAL AT V cc = 5V, T A = 25°C) 
















































































































































































































































































































































































































































































































































OUTPUT VOLTAGE 
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STANDARD I/O PORT SOURCE CAPABILITY 

(TYPICAL AT V cc = 5V, T A = 25°C) 




OUTPUT VOLTAGE 



DIRECT DRIVE I/O PORT SOURCE CAPABILITY 

(TYPICAL AT V cc = 5V, T A = 25°C) s 




OUTPUT VOLTAGE 



I/O PORT SINK CAPABILITY 

(TYPICAL AT V cc - 5V, T A = 25°C) 































































































































































































































11(1 
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OUTPUT VOLTAGE 



MAXIMUM OPERATING TEMPERATURE VS. 
I/O POWER DISSIPATION 



























































































100 




























































































































































































"1 


3? 












































'c 








CE* 


*AI\ 


fl? 
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STANDARD MICROSYSTEMS 
CORPORATION^=== 






We keep ahead of our competition so you can keep ahead of yours. 



Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions, consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION ,<===== 



Package Outlines 



14, 16, 18, 20 PIN HERMETIC PACKAGE 



p r > r ~ , ' v r ~ 



fTOWS 



fr 



TT 



.v 



SEATING PLANE I- L- 



DIM 


14 LEAD 


16 LEAD 


18 LEAD 


20 LEAD 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


A 


.670 


.760 


.790 


.810 


.885 


.915 


.965 


.995 


C 




.175 




.175 




.175 




.175 


D 


.015 


.021 


.015 


.021 


.015 


.021 


.015 


.021 


F 


.048 


.060 


.048 


.060 


.048 


.060 


.048 


.060 


G 


.090 


.110 


.090 


.110 


.090 


.110 


.090 


.110 


J 


.008 


.012 


.008 


.012 


.008 


.012 


.008 


.012 


K 


.100 




.100 




.100 




.100 




L 


.295 


.325 


.295 


.325 


.295 


.325 


.295 


.325 


M 




10° 




10° 




10° 




10° 


N 


.025 


.060 


.025 


.060 


.025 


.060 


.025 


.060 





24,28 


, 40 LEAD HERMETIC DIP 

4. . 1 












» 








C H 




1— - 05 








?- ° - "J 


♦ 




fi4i4uuwT4i-ri4i-n-n-ri 




l~1 100 TYP ~~~~ 
PIN SPACING ""*" 


1(1— 040 TYP 
IK- 018 TYP 


— 010NOM | 
-> — 600 REF 



DIM 


24 LEAD 


28 LEAD 


40 LEAD 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


A 


1.188 


1.212 


1.386 


1.414 


1.980 


2.020 


B 


.568 


.598 


.568 


.598 


.568 


.598 


C 


.590 


.610 


.590 


.610 


.590 


.610 


D 


.070 


.090 


.070 


.090 


.070 


.090 


E 


.025 


.060 


.025 


.060 


.025 


.060 


F 


.100 




.100 




.100 





ftjiAAAAA 




:^vyyvyu 




XKKKP 




0.060 0018 | 0100 0075 

TYP TYP 



ALL UNITS INCHES UNLESS OTHERWISE SPECIFIED 




14 LEAD PLASTIC DIP 
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16 LEAD PLASTIC DIP 




UUUUUUUkJ 





06 
TYP 




18 LEAD PLASTIC DIP 



AAAAAAAAA 



wwwwv 




' 0012 ±i 



0012 ±0002 REF 




24, 28, 40 PIN PLASTIC DIP 

ftftftft r^ir^ r i 




LJLJLJLJ 




LJWJ 







^i 



DIM 


24 LEAD 


28 LEAD 


40 LEAD 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


A 


1.245 


1.255 


1.445 


1.455 


2.045 


2.055 


C 


.145 


.155 


.145 


.155 


.145 


.155 


D 


.018 TYP 


.018 TYP 


.018 TYP 


F 


.060 TYP 


.060 TYP 


.060 TYP 


G 


.099 


.101 


.099 


.101 


.099 


.101 


J 


.010 


.014 


.010 


.014 


.010 


.014 


K 


.120 




.120 




.120 




L 


.645 


.675 


.645 


.675 


.645 


.675 


M 


.210 




.210 




.210 





ALL UNITS INCHES UNLESS OTHERWISE SPECIFIED 
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STANDARD MICROSYSTEMS 
CORPORATION^^^^= 



SALES REPRESENTATIVES 



ALABAMA 

EMA 

2309 Starmount Circle 

Huntsville, AL 35801 

(205)533-6640 

ARIZONA 

RELCOM Inc. 
4314E.TontoSt. 
Phoenix, AZ 85044 
(602)893-1209 

ARKANSAS 

Nova Marketing Inc. 
5728 LBJ Freeway 
Suite 400 
Dallas, TX 75240 
(214)385-9669 

CALIFORNIA 
(Southern) 

RELCOM Inc. 

20335 Ventura Blvd. 

Suite 203 

Woodland Hills, CA 91364 

(213)340-9143 

(Northern) 

Costar, Inc. 
Suite SW3-1 75 
10080 N.Wolfe Road 
Cupertino, CA 95014 
(408)446-9339 

COLORADO 

WESCOM Mktg. 
7985 Vance Drive 
Suite 102 
Arvada, CO 80003 
(303)422-7619 

CONNECTICUT 

Orion Group 
27 Meriden Ave. 
Southington, CT 06489 
(203)621-8371 

DELAWARE 

BGR Assoc. 
3001 D Greentree 
Executive Campus 
Marlton, NJ 08053 
(609) 428-2440 

FLORIDA 

"C" Associates 
2500 Hollywood Blvd. 
Suite 302 

Hollywood, FL 33020 
(305) 922-5230 
(305)922-8917 

"C" Associates 

249 Maitland Ave. 

Suite 305 Altamonte Center 

Altamonte Springs, FL 32701 

(305)831-1717 

GEORGIA 

EMA 

6445 Hillandale Drive 
Norcross, GA 30092 
(404) 449-9430 

IDAHO 

SDR 2 Products & Sales Co. 
14230 N.E. 8th Street 
Bellevue, WA 98007 
(206) 747-9424 



IOWA 

Quantum Sales 
10800 Normandale Blvd. 
Bloomington, MN 55437 
(612)884-4700 

ILLINOIS 

METCOM Associates Corp. 
Two Talcott Road 
Park Ridge, IL 60068 
(312)696-1490 

KANSAS 

S.W. Wollard Co. 
Rural Route I Box 66A 
Parker, KS 66072 
(913)898-6552 

LOUISIANA 

Nova Marketing Inc. 
5728 LBJ Freeway 
Suite 400 
Dallas, TX 75240 
(214)385-9669 

MAINE 

Mill-Bern Assoc, Inc. 
120 Cambridge St. 
Suite 8 

Burlington, MA 01 803 
(617)273-1313 

MARYLAND 

Robert Electronic Sales 
6407 Frederick Avenue 
Cantonville, MD 21228 
(301)788-2380 

MASSACHUSETTS 

Mill-Bern Assoc, Inc. 
120 Cambridge St. 
Suite 8 

Burlington, MA 01 803 
(617)273-1313 

MICHIGAN 
DETROIT AREA 

KRW Sales 

RO Box 347 

Farmington Hills, Ml 48024 

(313)476-6090 

GRAND RAPIDS 

KRW Sales 

RO. Box 163 

Grand Rapids, Ml 49306 

(616)363-2925 

MINNESOTA 

Quantum Sales Inc. 
10800 Normandale Boulevard 
Bloomington, MN 55437 
(612)884-4700 

MISSISSIPPI 

EMA 

2309 Starmount Circle 
Huntsville, AL 35801 
(205) 533-6640 

MISSOURI 

S.W. Wollard Co. 
Rural Route I Box 66A 
Parker, KS 66072 
(913)898-6552 

MONTANA 

SDR 2 Products & Sales Co. 
14230 N.E. 8th Street 
Bellevue, WA 98007 
(206)747-9427 



NEBRASKA 

S.W. Wollard Co. 
Rural Route I Box 66A 
Parker, KS 66072 
(913)898-6552 

NEVADA 

RELCOM Inc. 
4314E. TontoSt. 
Phoenix, AZ 85044 
(602)893-1209 

NEW JERSEY 

(Northern) 

Lorac Sales Electronics 
550 Old Country Rd. 
Room 410 
Hicksville, NY 11801 
(516)681-8746 
(201)622-4958 
(Southern) 
BGR Assoc. 
3001 D Greentree 
Executive Campus 
Marlton, NJ 08053 
(609) 428-2440 

NEW HAMPSHIRE 

Mill-Bern Assoc, Inc. 
120 Cambridge St. 
Suite 8 

Burlington, MA 01 803 
(617)273-1313 

NEW MEXICO 

RELCOM Inc. 
4314 E. TontoSt. 
Phoenix, AZ 85044 
(602)893-1209 

NEW YORK 

Lorac Sales Electronics 
550 Old Country Rd. 
Room 410 
Hicksville, NY 11801 
(516)681-8746 
(201)622-4958 
(Upstate) 
L-Mar Assoc, Inc. 
216TildenDrive 
E.Syracuse, NY 13057 
(315)437-7779 
L-Mar Assoc, Inc. 
451 5 Culver Rd. 
Rochester, NY 14622 
(716)544-8000 

NORTH CAROLINA 

EMA 

Rt. 8 Dogwood Village 

Jonesboro, TN 37659 

(615)753-8861 

NORTH DAKOTA 

Quantum Sales 
10800 Normandale Blvd. 
Bloomington, MN 55437 
(612)884-4700 

OHIO 

Thompson & Associates 
7221 Taylorsville Rd. 
Dayton, OH 45424 
(513)237-9422 

OKLAHOMA 

Nova Marketing Inc. 
5728 LBJ Freeway 
Suite 400 
Dallas, TX 75240 
(214)385-9669 



OREGON 

SDR 2 Products & Sales Co. 
1526S.E. Claybourne 
Portland, OR 97202 
(206)747-9424 

PENNSYLVANIA 
(Eastern) 

BRG Assoc 

3001 D Greentree 

Executive Campus 

Marlton, NJ 08053 

(609)428-2440 

(Western) 

Thompson & Associates 

7221 Taylorsville Rd. 

Dayton, OH 45424 

(513)237-9422 

RHODE ISLAND 

Mill-Bern Assoc, Inc. 
120 Cambridge St. 
Suite 8 

Burlington, MA 01 803 
(617)273-1313 

SOUTH CAROLINA 

EMA 

6645 Hillandale Dr. 
Norcross, GA 30092 
(404) 449-9430 

SOUTH DAKOTA 

Quantum Sales 
10800 Normandale Blvd. 
Bloomington, MN 55437 
(612)884-4700 

TENNESSEE 
(East) 

EMA 

Rt. 8 Dogwood Village 

Jonesboro, TN 37659 

(615)753-8861 

(West) 

EMA 

2309 Starmount Circle 

Huntsville, AL 35801 

(205) 553-6640 

TEXAS 

Nova Marketing Inc. 
5728 LBJ Freeway 
Suite 400 
Dallas, TX 75240 
(214)385-9669 

(El Paso) 

RELCOM Inc. 
4314 E. TontoSt. 
Phoenix, AZ 85044 
(602)893-1209 

Nova Marketing, Inc. 
11700 S.W. Freeway 
Suite 200 
Houston, TX 77031 
(713)933-2636 

UTAH 

WESCOM Mktg. 
7985 Vance Drive 
Suite 102 
Arvada, CO 80003 
(303)422-7619 

VERMONT 

Mill-Bern Assoc, Inc. 
120 Cambridge St. 
Suite 8 

Burlington, MA 01803 
(617)273-1313 



VIRGINIA 

Robert Electronic Sales 
6407 Frederick Avenue 
Cantonville, MD 21228 
(301)788-2380 
TWX: 710-862-1452 



AREA SALES 
MANAGEMENT OFFICES 

EASTERN AREA 

35 Marcus Boulevard 
Hauppauge, NY 11788 
(516)273-3100 
TWX: 510-227-8898 
TELEX 221646 

WESTERN AREA 

Turk Enterprises 
2172DupontDr. 
Irvine, CA 92715 
(714)955-1575 
TWX: 910-595-2635 

CENTRAL AREA 

Miciosystems Sales 
16990 Dallas Pkwy 
Suite 151 
Dallas, TX 752^8 
(214)931-5321 
TWX: 910-860-9269 



WASHINGTON 

SDR 2 Products & Sales Co. 
14230 N.E. 8th Street 
Bellevue, WA 98007 
(206) 747-9424 

WASHINGTON, D.C. 

Robert Electronic Sales 
6407 Frederick Avenue 
Catonville, MD 21228 
(301)788-2380 
TWX: 710-862-1452 

WEST VIRGINIA 

Thompson & Associates 
7221 Taylorsville Rd. 
Dayton, OH 45424 
(513)237-9422 

WISCONSIN 

(East) 

Metcom Associates Corp. 
237 S. Curtis Rd. 
W. Allis, Wl 53214 
(414)476-1300 

(West) 

Quantum Sales 
10800 Normandale Blvd. 
Bloomington, MN 55437 
(612)884-4700 

WYOMING 

SDR 2 Products & Sales Co. 
14230 N.E. 8th Street 
Bellevue, WA 98007 
(206)747-9424 



PUERTO RICO 

Mill-Bern Assoc, Inc. 

G.RO. Box 4543 

San Juan, Puerto Rico 00936 

(809)792-1541 
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INTERNATIONAL SALES REPRESENTATIVES AND DISTRIBUTORS 



AUSTRALIA 

A.J.F. Systems 
9 Harker St. 
Burwood, Victoria 31 25 
Australia 
(03) 288-4044 
TLX: AA 31 261 

BELGIUM 

Auriema, S.A. 

Rue Brogniezstraat 172-A 

B-1070 Brussels, Belgium 

32-2-523-6295 

TLX: 84621646 

CANADA (OTTAWA) 

R.F.Q. Ltd. 
2249 Carling Ave. 
Suite 204 
Ottowa, Ontario 
Canada N2B 7E9 
(613)820-8445 
(613)820-8446 

CANADA (TORONTO) 

R.F.Q. Ltd. 

385 The West Mall 

Suite 209 

Etobicoke, Ontario 

Canada, M9C1E7 

(416)626-1445 

TWX: (610) 492-2540 



DENMARK 

Tage Olsen A/S 

Ballerup Byvej 222 

275D Ballerup 

Denmark 

45-2-658111 

TLX: 85535293 

FINLAND 

Havulinna 

Instmmentarium OY 

P.O. Box 357 

Maklelankatu 84 

00101 Helsinki 10 

90-755-4144 TLX: 124426 

FRANCE 

Tekelec Airtronic 

Cite Des Bruyeres 

Rue Carle Vernet 

B.P. #2, 92310 Sevres 

33-1-534-7535 

TLX:204552F 

GREAT BRITAIN 

Manhattan (Skyline) Ltd. 
Wier Bank 
Bray-on-Thames 
Near Maidenhead 
Berks, United Kingdom 
SL6 2ED 
44-628-34281 
TLX: 851-847591 



DISTRIBUTORS 



ARIZONA 

Cetec Moltronics 
3617 N. 35th Ave. 
Phoenix, AZ 8501 7 
(602) 272-7951 
Kachina Electronic Dist. 
1425 N. 27th Lane 
Phoenix, AZ 85009 
(602) 269-6201 

Kachina Electronic Dist. 
1810 W.Grant No. 108 
Tucson, AZ 85705 
(602) 792-2223 

Diplomat/Westates Elec. 
18401 North 25th Ave. 
Phoenix, AZ 85023 
(602) 866-7525 

CALIFORNIA 

Cetec Moltronics 
5610 E. Imperial Hwy. 
South Gate, CA 90280 
(213)773-6521 
(714)521-7412 

Cetec Moltronics 
721 Charcot Ave. 
San Jose, CA 95121 
(408) 263-7373 

Cetec Moltronics 
3940 Ruffin Rd. 
San Diego, CA 92123 
(714)278-5020 
Diplomat Electronics, Inc. 
1283FML View-Alviso Rd. 
Sunnyvale, CA 94086 
(408)734-1900 
Diplomat/Westates Elec. 
3001 Redhill Ave. 
Bldg. 3-108 

Costa Mesa, CA 92626 
(714)549-8401 

Diplomat/Westates Elec. 
20151 Bahama St. 
Chatsworth, CA 91311 
(213)341-4411 

Diplomat/Westates Elec. 
9787 Aero Drive 
San Diego, CA 92123 
(714)292-5693 

NESCO 

7110 Gerald Ave. 

Van Nuys.CA 91406 

(800)423-2664 



Western Micro Sales 
10040 Bubb Road 
Cupertino, CA 95014 
(408)725-1660 



COLORADO 

Bell Industries 
Electronic Distributor Div. 
8155 W. 48th Ave. 
Wheatridge, CO 80033 
(303)424-1985 

Diplomat Electronics, Inc. 

96 Iverness Dr., East 

UnitR 

Englewood, CO 801 12 

(303) 740-8300 

CONNECTICUT 

Diplomat Electronics, Inc. 
52 Federal Road 
Danbury, CT 06810 
(203)797-9674 

J. V. Electronics, Inc. 
690 Main Street 
East Haven, CT 06512 
(203)469-2321 

FLORIDA 

Diplomat Electronics, Inc. 
2120 Calumet St. 
Clearwater, FL 33515 
(813)443-4514 

Diplomat Electronics, Inc. 
115 Palm Bay Road 
Bldg.200-Suite10 
Palm Bay, FL 32905 
(305)725-4520 

Diplomat Electronics, Inc. 
6890 N.W. 20th Ave. 
Fort Lauderdale, FL 33309 
(305)971-7160 

GEORGIA 

Diplomat Electronics, Inc. 

6659 Peachtree Ind. Blvd. 

Suite B 

Norcross, GA 30092 

(404)449-4133 



HOLLAND 

Auriema Nederland BV 

Doornakkersweg 26 

5642MP Eindhoven 

Nederland 

Tel. 31-40-816565 

TLX: 84451992 

HONG KONG 

Protech 

Wah Sing St. 

Wah Sing Ind. Bldg. 

18F, Flat 1 

Kwai Chung, NT. Kowloon 

Tel. 12-294721 

TLX: 38396 PLTDHX 

ISRAEL 

Vectronics, Ltd. 
69 Gordon Street 
P.O. Box 16335, Tel Aviv 
23-4424 TLX: 32396 

ITALY 

Dott. Ing. Guiseppe 
DeMicoS.RA. 
Via Vittorio Veneto 8 
20060 Cassina De Pecchi 
Milano, Italy 
02-95-20-551 TLX: 330869 



JAPAN 

Teijin Advanced Prod. Corp. 
1-1 Uchisaiwai-Cho 
2 Chome, Chiyoda-Ku 
Tokyo 100 Japan 
506-4670-6 TLX: J23548 

SOUTH KOREA 

Kortronics Enterprise 

Rm. 201-202, 18-Dong, C-Block 

#604-1 , Guro-Dong, Guro-Gu 

Seoul, Korea 

634-5497 TLX: MICROS K28484 

NORWAY 

National Elektro A/S: 
Trade Division 
Ulvenveien 75 
P.O. Box 53, Oekern 
N. Oslo, 5, Norway 
02-644970 TLX: 71265 

SPAIN 

Amitron S.A. 

Loeches, 6 

Madrid 8, Spain 

34-1 -2485863 TLX : 831 45550 

SWEDEN 

NAXAB 

Box 41 15 

17104 Solna, Sweden 

08-98-51-40 TLX: 17912 



SWITZERLAND 

Datacomp AG 

Zurchestr 20 

CH-895 2 Schileren, Zurich 

41-1-7302165 TLX: 854553533 

TAIWAN 

Multitech Int'l Corp. 
977 Min Shen E. Road 
Taipei 105 Taiwan R.O.C. 
02-769-1 225 TLX: 23756 

WEST GERMANY 

Tekelec Airtronic Gmbh 
NussbaumstrafJe 4 
8000 Munchen 2 
89-594621 TLX: 05-22241 



ILLINOIS 

Diplomat Electronics, Inc. 
1071 JudsonSt. 
Bensenville, IL 60106 
(312)595-1000 

Mar-Con 
4836 Main Street 
Skokie.IL 60076 
(312)675-6450 

MARYLAND 

Whitney Distributors, Inc. 
6707 Whitestone Road 
Baltimore, MD 21207 
(301)944-8080 

Diplomat Electronics, Inc. 
9150 Rumsey Rd., Suite A6 
Columbia, MD 21045 
(301)995-1226 

MASSACHUSETTS 

Diplomat Electronics, Inc. 
559 East Street 
Chicopee, MA 01020 
(413)592-9441 

Diplomat Electronics, Inc. 
Kunlholm Drive 
Holliston,MA01746 
(617)429-4120 

RC Components 
10 Cornell Place 
Wilmington, MA 01887 
(617)657-4310 

MICHIGAN 

Diplomat Electronics, Inc. 
32708 W Eight Mile Road 
Farmington, Ml 48024 
(313)477-3200 

MINNESOTA 

Diplomat Electronics, Inc. 
271 Commerce Circle South 
Fridley, MN 55432 
(612)572-0313 

NEW JERSEY 

Diplomat Electronics, Inc. 
490 South Riverview Dr. 
Totowa, NJ 07512 
(201)785-1830 
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Falk-Baker Assoc. 
382 Franklin Ave. 
Nutley, NJ07110 
(201)661-2430 
(201)661-2431 

NEW MEXICO 

Bell Industries 
Century Electronic Div. 
11728 Linn N.E. 
Albuquerque, NM 87123 
(505) 292-2700 

NEW YORK 

Diplomat Electronics 
110 Marcus Dr. 
Melville, NY 11747 
(516)454-6400 

Diplomat Electronics 
4610 Wetzel Road 
Liverpool, NY 13088 
(315)652-5000 

Current Components 
215 Marcus Blvd. 
Hauppauge, NY11788 
(516)273-2600 

OHIO 

Target Electronic Corp. 
6230 Cochran Rd. 
Solon, OH 44139 
(216)248-7930 

Applied Data Management 
435 Dayton St. 
Cincinnati, OH 45214 
(513)579-8108 

OKLAHOMA 

Quality Components 
9934 E. 21 st St. 
Tulsa, OK 741 29 
(918)664-8812 

PENNSYLVANIA 

QED Electronics, Inc. 
300 North York Road 
Hatboro, PA 19040 
(215)674-9600 

TEXAS 

Quality Components, Inc. 
4257 Kellway Circle 
P.O. Box 819 
Addison, TX 75001 
(214)387-4949 



Quality Components, Inc. 
6126Westline 
Houston, TX 77036 
(713)772-7100 

Quality Components, Inc. 
2427 Rutland 
Austin, TX 78758 
(512)835-0220 

Diplomat Electronics, Inc. 
10614 Rockley Road 
Houston, TX 77099 
(713)530-1900 

Diplomat Electronics, Inc. 
4651 Westgrove Drive 
Dallas, TX 75248 
(214)931-3404 

UTAH 

Bell Industries 
Electronic Distributor Div. 
3639 West 21 50 South 
Salt Lake City, UT 84120 
(801)972-6969 

Diplomat Electronics, Inc. 
3007 S.W. Temple 
Salt Lake City, UT 841 15 
(801)486-4134 

CANADA 

Future Electronics Inc. 
237 Hymus Blvd. 
(Point Claire) 
Montreal, Quebec 
Canada H9R 5C7 
(514)694-7710 

Future Electronics Inc. 
4800 Dufferin Street 
Downsview, Ontario, M3H5S8 
(416)663-5563 

Future Electronics Inc. 
3070 Kingsway 
Vancouver, B.C. V5R 5J7 
(604) 438-5545 

Future Electronics Inc. 
Baxter Center 
1050 Baxter Road 
Ottawa, Ontario K2C 3P2 
(613)820-8313 

Future Electronics Inc. 

5809 MacLeod Trail S. 

Unit 109 

Calgary, Alberta T2H 0J 

(403)259-6408 



STANDARD MICROSYSTEMS 
CORPORATI01\],j^^^= 

35 Marcus Boulevard, Hauppauge, NY 1 1788 
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